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Fruits represent a source of exogenous antioxidant compounds that together with 
the endogenous antioxidants assist in combating oxidative stress. Diets rich in 
phytochemicals such as carotenoids and phenolic compounds have been linked to 
reduced risk of several diseases such as cancer, cataracts, macular degeneration, 
cardiovascular and neurodegenerative diseases. Although there are a large 
number of studies addressing the action of bioactive compounds in fruit pulp, which 
constitutes the part generally consumed, other studies have shown that the 
byproducts - industrial waste processing - contain equal or higher amounts of these 
compounds. Considering that Brazil is one of the largest agricultural producers in 
the world, and also one of the countries that most generate waste from this 
production, one of the objectives of this study was to determine the total phenolic 
content and antioxidant activity in the peel and seed extracts of araticum, and in 
pequi peel extract, byproducts of Cerrado biome, prior and after in vitro digestion. 
After the digestion process, the total phenolic content was reduced in all extracts, 
as well as total antioxidant activity, except in DPPH and ORAC assays for the 
digested extract of araticum peel. These extracts were also tested for cytotoxic 
capacity in K562 and NALM6 cell lines, with no observed effect. The crude extract 
of araticum peel was chosen for in vivo evaluation of the influence and possible 
protection in the toxicity induced by doxorubicin that was administered as a single 
dose of 15 mg/kg b.w. at the 15th day of treatment. For this purpose, the extract 
was administered to Wistar rats in doses ranging from 75, 150 and 300 mg/kg b.w. 
for 15 days. The weight gain and feed consumption of animals, relative heart 
weight, biochemical parameters (ALT, AST, urea and creatinine), quantification of 
plasma antioxidant activity by ORAC method, measurement of the activity of 
endogenous antioxidant enzymes as catalase, superoxide dismutase and 
glutathione reductase in the cardiac tissue, as well as histology of the heart tissue, 





evaluating the results of the in vivo test, although the extract was not effective to 
recover the body weight and relative heart weight in the period of 24 h after 
doxorubicin administration. The results of ORAC from plasma and activity of 
endogenous antioxidant enzymes combined with histological analysis showed 
promising results. 
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As frutas representam uma fonte de compostos antioxidantes exógenos que, em 
conjunto com os antioxidantes endógenos, auxiliam no combate ao estresse 
oxidativo. As dietas ricas em fitoquímicos, tais como os carotenoides e compostos 
fenólicos, têm sido associadas à redução do risco de diversas patologias como 
câncer, catarata, degeneração macular e doenças cardiovasculares e 
neurodegenerativas. Embora haja um grande número de estudos abordando a 
ação de compostos bioativos em polpa de frutas, que normalmente constitui a 
parte consumida, outros estudos têm mostrado que os subprodutos – resíduos do 
processamento industrial - contêm quantidades iguais ou superiores destes 
compostos. Considerando que o Brasil é um dos maiores produtores agrícolas do 
mundo, além de um dos países que mais geram resíduos dessa produção, um dos 
objetivos deste trabalho foi determinar o teor de fenóis totais e a atividade 
antioxidante nos extratos da casca e semente de araticum e casca de pequi, 
subprodutos do bioma Cerrado, antes e após digestão in vitro. Após o processo de 
digestão, o teor de fenólicos totais foi reduzido em todos os extratos, assim como 
a atividade antioxidante total, exceto nos ensaios DPPH e ORAC para o extrato 
digerido da casca do araticum. Estes extratos também foram testados quanto à 
capacidade citotóxica nas linhagens celulares K562 e NALM6, sem efeito 
observado. O extrato bruto da casca de araticum foi escolhido para avaliação in 
vivo da influência e possível proteção à toxicidade induzida pela doxorrubicina, 
administrada em dose única de 15 mg/kg p.c. no 15º dia de tratamento. Para esta 
finalidade o extrato foi administrado a ratos Wistar nas doses de 75, 150 e 300 
mg/kg p.c. durante 15 dias. Foram avaliados o ganho de peso e consumo de ração 
dos animais, peso relativo do coração, variações de parâmetros bioquímicos (ALT, 
AST, ureia e creatinina), quantificação da atividade antioxidante plasmática pelo 
método ORAC, medida da atividade de enzimas antioxidantes endógenas 





como a histologia dos tecidos cardíaco, hepático e renal. O extrato da casca de 
araticum mostrou efeitos potencialmente interessantes quando da avaliação dos 
resultados do ensaio in vivo, embora o extrato não tenha sido efetivo para 
recuperar o peso corpóreo e o peso relativo do coração no período de 24 h após a 
administração da doxorrubicina. Do mesmo modo, os resultados de ORAC do 
plasma e as atividades das enzimas antioxidantes endógenas juntamente com as 
análises histológicas mostraram resultados promissores.  
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Organismos aeróbicos produzem continuamente espécies reativas de 
oxigênio (ERO), principalmente como resultado do metabolismo oxidativo normal 
nas mitocôndrias (Traber, 2006; Urso, & Clarkson, 2003; Ferreira, & Matsubara, 
1997). Em circunstâncias normais, as ERO são neutralizadas por um elaborado 
sistema de defesa antioxidante, que consiste de enzimas como catalase, 
manganês superóxido dismutase, glutationa peroxidase e numerosos 
antioxidantes não enzimáticos como as vitaminas, os carotenoides e os 
compostos fenólicos (Ignea et al., 2013; Urso, & Clarkson, 2003; Young, & 
Woodside, 2001; Ferreira, & Matsubara, 1997). 
Entretanto, quando ocorre um desequilíbrio entre os fatores pró-
oxidantes (como inflamação, exposição a certos agentes químicos, radiação, luz 
ultravioleta, álcool, cigarro, poluição do ar, dieta rica em gordura, entre outros) e 
antioxidantes (vitamina E, vitamina C, β-caroteno, glutationa peroxidase, catalase, 
glutationa, superóxido dismutase, ácido úrico, dentre outros) ocorre um processo 
chamado estresse oxidativo. Este pode determinar alterações metabólicas com 
mudanças nas funções fisiológicas e geração de doenças, podendo, em casos 
extremos, levar à morte (Ignea et al., 2013; Inserra, Ardestani, & Watson, 1997). 
Fortes evidências indicam que as ERO desempenham um papel importante na 
iniciação, bem como na fase de promoção da carcinogênese (Senthilkumar et al., 
2008; Borek, 2004). 
Alguns fármacos, além de seus efeitos farmacológicos esperados, 
promovem efeitos tóxicos muitas vezes por gerarem grande concentração de 
ERO, como, por exemplo, o quimioterápico doxorrubicina (DOX). A DOX pertence 
à classe das antraciclinas e é um dos fármacos antineoplásicos mais potentes 
prescritos isoladamente ou em combinação com outros agentes. Esta droga é 
utilizada no tratamento de tumores sólidos e neoplasias hematológicas, incluindo 





fígado, tumores sólidos em crianças, osteosarcomas, sarcoma de Kaposi, assim 
como leucemia mieloblástica e linfoblástica aguda e tumor de Wilms (Carvalho et 
al., 2009). Entretanto, o uso terapêutico deste fármaco está limitado por sua 
toxicidade em diferentes órgãos e sistemas. Especificamente no coração a DOX 
causa cardiomiopatia dilatada irreversível e insuficiência cardíaca congestiva 
(Gilleron et al., 2009). Dentre as diferentes hipóteses, a cardiotoxicidade induzida 
pela DOX tem sido atribuída ao aumento do estresse oxidativo que leva a danos 
de macromoléculas, membranas, DNA e enzimas envolvidas na produção de 
energia, contribuindo assim para o dano celular, o déficit energético e aceleração 
da morte celular através de apoptose e necrose (Tokarska-Schlattner et al., 2006; 
Singal et al., 2000). 
Os alimentos representam uma fonte de compostos antioxidantes 
exógenos que, em conjunto com os antioxidantes endógenos, auxiliam no 
combate ao estresse oxidativo. Os alimentos de origem vegetal são uma rica fonte 
de fitoquímicos responsáveis por efeitos benéficos à saúde (Liu, 2004). As dietas 
ricas em fitoquímicos, tais como os carotenoides e compostos fenólicos, têm sido 
associadas à redução do risco de doenças, entre as quais certas formas de 
câncer, catarata, degeneração macular e doenças cardiovasculares e 
neurodegenerativas (Bueno et al., 2012; Tanaka, Shnimizu, & Moriwaki, 2012; 
Snyder et al., 2011; Sergent et al., 2010).  
Embora haja um grande número de estudos abordando a ação de 
compostos bioativos em polpa de frutas, que constitui a parte normalmente 
consumida, outros estudos têm mostrado que os subprodutos contêm quantidades 
iguais ou superiores ao do produto final em si. Como exemplos pode-se citar 
pesquisas com subprodutos da produção de vinho e suco de laranja (Calloni et al., 
2015; Barcia et al., 2014; Crizel et al., 2013), entre outros. 
Os subprodutos são definidos como as cascas, sementes e restos da 
polpa gerados durante as diversas etapas do processo industrial e que são 





De acordo com a FAO (2009), o Brasil é o terceiro maior produtor de 
polpas e produtos processados de frutas no mundo. Entretanto, o Brasil está entre 
os dez países que mais desperdiçam alimentos sendo que cerca de 35% do 
produto agrícola é jogado fora. Esta quantidade seria suficiente para alimentar 54 
milhões de brasileiros que vivem abaixo da linha da pobreza (IPEA, 2009). Entre 
os subprodutos gerados no processamento de frutas podemos citar a casca e 
semente do araticum e a casca do pequi, ambos originários do bioma Cerrado. 
O Cerrado, segundo maior bioma da América do Sul, perdendo em 
tamanho somente para a Floresta Amazônica (Roesler et al., 2007; Pereira-Silva 
et al., 2004), ocupa cerca de 21% do território brasileiro com uma grande fauna e 
flora (Aguiar, & Camargo, 2004) e é distribuído principalmente nos estados de 
Minas Gerais, Goiás, Mato Grosso, Mato Grosso do Sul, Tocantins, Bahia, Piauí, 
Maranhão e Distrito Federal (Silva, & Tassara, 2001). Apesar de o Cerrado ter alta 
riqueza de espécies e ser considerado uma biodiversidade ‘hotspot’, ou seja, área 
rica em espécies endêmicas, mas que enfrenta alta perda das mesmas, apenas 
8,21% de seu território é legalmente protegido por unidades de conservação 
(MMA, 2014; Marris, 2005), o que aponta para a pouca atenção que este bioma 
recebe (Giambelluca et al., 2009). Desta maneira, este bioma tem sido destruído a 
uma velocidade maior do que a capacidade da comunidade científica em produzir 
o necessário conhecimento para a sua proteção e conservação (Aguiar, & 
Camargo, 2004). 
O araticum (Annona crassiflora), pertencente à família Annonaceae, é 
uma fruta típica do Cerrado brasileiro. Esta fruta é uma espécie de interesse 
econômico regional, principalmente pelo seu uso na culinária em pratos locais 
típicos e no preparo de doces, geleias, licores, refrigerantes, sorvetes e sucos 
(Luzia, & Jorge, 2013). O araticum apresenta apelo sensorial, como aroma, cor e 
sabor, além de muitas qualidades nutricionais, incluindo altos níveis de vitaminas 
do complexo B (como tiamina e riboflavina), ácido ascórbico, carotenóides, 





Já o pequi (Caryocar brasiliense) pertence à família Caryocaraceae e é 
uma fruta tropical do Cerrado brasileiro, representando uma importante opção de 
renda e alimento para as populações que vivem nesse bioma. A polpa e a 
semente desta fruta representam somente 25%, enquanto que o epicarpo (casca) 
representa 75% (da Silva Quirino et al., 2009). Essa fruta é amplamente 
consumida regionalmente in natura, bem como no preparo de suco, sorvete, licor, 
geléia e especialmente pratos tradicionais famosos por todo o Brasil, como arroz 
com pequi e galinha caipira com pequi (Roesler et al., 2008). A polpa do pequi tem 
boa quantidade de óleo comestível sendo obtido em média de 40 mL em 725 g de 
polpa, vitaminas antioxidantes (A e E), proteínas e ácidos graxos essenciais (Sena 
et al., 2010). Por outro lado, a castanha também contém óleo que é aplicado na 
formulação de produtos cosméticos como sabonetes e cremes (Silva, & Tassara, 
2001). A partir da casca e folhas é extraído um pigmento amarelo de alta 
qualidade usado para tingir fibras (Almeida et al., 1998). 
Embora a ação antioxidante dos compostos presentes nas frutas seja 
conhecida, com destaque para os polifenóis, pouco se sabe sobre o efeito da 
digestão sobre a atividade biológica desses compostos. Considerando-se que a 
absorção dos compostos fenólicos é altamente dependente da forma química 
assim como do peso molecular, do grau de glicosilação e esterificação e da 
interação com outros componentes na matriz da fruta tais como proteínas 
(Scalbert et al., 2002; Carbonaro, Grant, & Pusztai, 2001), é importante que os 
produtos formados sejam avaliados durante o processo de digestão. 
Considerando o potencial dos compostos presentes nas cascas e 
sementes do araticum e nas cascas do pequi, o presente estudo teve por objetivo 
a avaliação do efeito da digestão sobre as atividades antioxidante e citotóxica dos 
extratos desses três subprodutos. O trabalho também objetivou a avaliação in vivo 
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1. OBJETIVO GERAL 
Avaliar o teor de fenóis totais e a capacidade antioxidante e citotóxica in 
vitro dos extratos da casca e semente do araticum e casca do pequi e os efeitos 
da digestão in vitro nestes parâmetros. Adicionalmente, avaliar a proteção in vivo 
do extrato da casca do araticum ao estresse oxidativo induzido pelo fármaco 
doxorrubicina. 
 
2. OBJETIVOS ESPECÍFICOS 
2.1. Determinar o teor de fenólicos totais e atividade antioxidante in 
vitro por meio dos métodos ORAC (Oxygen Radical Absorbance Capacity), da 
capacidade de neutralização do radical DPPH (2,2-dipheny-1-picrylhydrazil 
(DPPH), e do radical ABTS (2,2’-azinobis-(3-etilbenzotiazolina-6-ácido sulfônico) 
nos extratos de casca e semente de araticum e casca de pequi antes e após 
digestão in vitro; 
2.2. Avaliar a atividade citotóxica in vitro de linhagens tumorais dos 
extratos de casca e semente de araticum e casca de pequi antes e após digestão 
in vitro; 
2.3. Avaliar o efeito do extrato da casca de araticum sobre os 
parâmetros ganho de peso, consumo de ração e peso relativo do coração de ratos 
Wistar com estresse oxidativo induzido por doxorrubina;  
2.4. Avaliar a atividade das enzimas antioxidantes endógenas 






2.5. Avaliar o perfil bioquímico hepático e renal pelos parâmetros 
ALT, AST, ureia e creatinina dos animais; 
2.6. Determinar a atividade antioxidante plasmática dos animais 
pelo método ORAC; 
2.7. Analisar histologicamente as possíveis alterações e proteção 




























































Epidemiological studies have consistently shown that a high dietary 
intake of fruits and vegetables as well as whole grains is strongly associated with 
reduced risk of developing chronic diseases, such as cancer and cardiovascular 
disease. This effect is partly attributed to bioactive compounds that are present in 
small amounts in food. Among these compounds, the antioxidants and dietary 
fibers can be mentioned. However, the compounds can be found not only in pulp, 
but also in the byproducts, such as seeds, peel and pomace. Brazil is a large 
agricultural producer and is among the 10 countries that most generate wastes of 
food in the world and that about 35% of all agricultural production goes to waste. 
Considering that, in some of cases, the wasted byproducts can present similar or 
even higher contents of bioactive compounds than the final produce does, the 
present review aimed to collect data from studies performed in Brazil with 
byproducts and their possible applications, focusing on antioxidants and dietary 
fiber. 
 







Epidemiological studies have consistently shown that a high dietary 
intake of fruits and vegetables as well as whole grains is strongly associated with 
reduced risk of developing chronic diseases, such as cancer and cardiovascular 
disease (Liu, 2004) due to presence of bioactive compounds that are present in 
small amounts in food and can be obtained by means of a balanced diet (Kitts, 
1994). 
Among the groups of compounds responsible for this protection is 
important to mention the antioxidants. These compounds are defined by Liu (2004) 
as bioactive non-nutrient plant compounds in fruits, vegetables, grains, and other 
plant foods that have been linked to reducing the risk of major chronic diseases. 
This action is due to the capacity of antioxidants in operating on the scavenging of 
free radicals and preventing the damage caused by them (Venkat Ratnam, Ankola, 
Bhardwaj, Sahana, & Ravi Kumar, 2006). For this reason, the natural antioxidants 
are emerging as an option of prophylactic and therapeutic agents. 
Due to the fact that synthetic antioxidants, such as butylated 
hydroxytoluene (BHT) and butylated hydroxyanisole (BHA), that have been widely 
used as antioxidants in the food industry, have generated concerns about the 
safety of their use (Ahmad, Gokulakrishnan, Giriprasad, & Yatoo, 2013; Iqbal, 
Haleem, Akhtar, Zia-ul-Haq, & Akbar, 2008; Palomba, Sestili, & Cantoni, 1999), a 
large number of studies have been conducted to explore the natural sources of 
antioxidants. 
Another class of bioactive compounds that have been studied 
extensively are the dietary fiber (DF). The DF can be fractioned into two major 
groups of components, the water-insoluble and the water-soluble fraction. The 
insoluble fraction is responsible to stimulate the intestinal peristalsis and the 
soluble promotes the selective growth of the indigenous microbiota, acting as a 





reduction and prevention of diseases as obesity, atherosclerosis, heart diseases, 
gut cancer and diabetes (Nawirska, & Kwasniewska, 2005). 
Although a large number of studies dealing with the action of bioactive 
compounds are performed with the fruit pulp, which is the part generally 
consumed, other studies have shown that the byproducts present equivalent or 
even higher contents than the final produce itself. 
The food industry generates large volumes of wastes and byproducts 
from fruits processing to produce juices, jellies and other candies, and much of 
these wasted materials are composed by seeds (Lima, Lima, Tavares, Costa, & 
Pierucci, 2014). Other countries have been using the byproducts as a source of 
bioactives, like Japan that use grape seed extract as a natural additive, and is 
recommended as an antioxidant, which is rich in polyphenol mainly 
proanthocyanidins (Nakamura, Tsuji, & Tonogai, 2003). 
Taking into account that Brazil is among the 10 countries that generate 
more waste of food in the world and that about 35% of all agricultural production 
goes to waste, the present review aimed to collect data from studies performed in 
Brazil with byproducts and their possible applications, focusing on antioxidants and 
dietary fiber. 
 
2. Amount of agricultural byproducts generated in Brazil 
Since the late 1990s, few countries have grown in international 
agribusiness trade as Brazil. According to FAO (2009), Brazil is the third largest 
producer of fresh and processed fruits in the world, and also a world leader in the 
production and export of various agricultural products. Among these products are 
coffee, sugar, ethanol and orange juice. In addition, Brazil leads the ranking of 
foreign sales of soy complex (grain, bran and oil), which is the main generator of 
foreign exchange. In early 2010, one in four agribusiness products in circulation 





that by 2030, one third of the products sold will be from Brazil, due to the growing 
demand from Asian countries (MAPA, 2015a). 
Considering that according data from IPEA (2009), 35% of Brazilian 
agricultural production is wasted, more than 10 million tons of food could be 
meeting the food needs of the 54 million Brazilians who live below the poverty line. 
According to the Social Service of Commerce (SESC), 12 billion reais in food are 
thrown away every year, enough to make breakfast, lunch and dinner for 39 million 
people (IPEA, 2009). Half of these losses occur during handling and transportation 
of products, but also occurs in the central of supply and marketing, in supermarkets 
and even in the countryside (MAPA, 2015b). 
In 2005, the Brazilian Institute of Geography and Statistics (IBGE) 
analyzed the wastage rates from planting to preharvest of the major grain grown in 
the country between 1996 and 2002, such as rice, beans, corn, soybeans and 
wheat. This research indicates that the National Supply Company (Conab) 
estimated grain losses in about 10% of production (IPEA, 2009). Data from 
Department of Supply and Agriculture of the State of São Paulo shows that all food 
not used throughout the supply chain representing 1.4% of Gross National Product 
(GNP), a hole of 17.25 billion reais in the billing of the agricultural sector.  
Most of the byproducts generated in the fruits processing to produce 
juice, jellies and other candies are composed by seeds (Lima, Lima, Tavares, 
Costa, & Pierucci, 2014). Due to their nutritional value, some seeds can be 
employed as part of the human diet. Researchers have confirmed the nutritional 
usefulness of seeds, and many different interpretations and views have been 
discussed about their nutritional benefits (Barampama, & Simard, 1993; Al-Jassir, 
1992), such as their carbohydrate content (Tavares, Bathista, Silva, Filho, & 
Nogueira, 2003; Oates & Powell, 1996), antioxidant activity (Wang, Bostic, & Gu 
2010; Einbond, Reynertson, Luo, Basile, & Kennelly, 2004; Soong, & Barlow, 
2004), fatty acid content (Ennouri, Bourret, Mondolot, & Attia, 2005; Akpata & 





Garg, & Bawa, 2002; Rashwan, El-Syiad, & Seleim, 1993; Kaur, Mann, Hira, & 
Bajaj, 1988). 
Brazil is the world’s largest orange juice producer, and this industrial 
waste is a serious environmental problem (Crizel, Jablonski, Rios, Rech, & Flôres, 
2013). Byproducts generated by the citrus juice industries are sources of dietary 
fiber but are commonly used in animal feed or fertilizer. However, due to their high 
fiber content, they can be used as food ingredients (Lario et al., 2004). 
The vitiviniculture sector generates byproducts such as pomace (skin 
and seeds), rachis, and lees, equivalent to 30% of the total quantity of vinified 
grapes (Makris, Boskou, & Andrikopoulos, 2007). In Brazil, the production of this 
kind of byproduct is approximately 59.4 million kg of pomace or 18 kg pomace/100 
L of wine. Therefore, studies on the use of this residue as a valuable winery 
byproduct may lead to significant economical gains and prevent or decrease 
environmental problems caused by grape pomace accumulation (Campo, 
Leimann, Pedrosa, & Ferreira, 2008). 
Brazil is the world’s largest coffee producer and exporter and, recently, it 
has become the second largest consuming country of this beverage (ABIC, 2015). 
Although Brazil is the largest raw coffee producer and exporter in the world, about 
20% of the Brazilian coffee production contain defective beans and are considered 
to be inappropriate for exportation. The main byproduct of coffee industry is called 
PVA due to the presence of black (P - preto), green (V - verde) and sour (A - ácido) 
defective beans, which are known to contribute considerably for cup quality 
decrease (Toci, & Farah, 2008). Despite this large amount of byproducts of coffee 
production, no Brazilian studies records targeting the exploitations of these as 
sources of biocompounds. 
The same occurs with banana, where it can be estimated that 83,537 
tons/year of banana peels are discarded by food industries in Brazil (Rosso 





Often, the wasted byproducts present equivalent or even higher 
bioactive compounds contents than the final produce itself (Gorinstein et al., 2011). 
As sources of natural antioxidants, fibers and other bioactive compounds, these 
materials could be reused to isolate specific phytochemicals for application in 
nutraceutical supplements, dietary additives, new food and pharmaceutical 
products as additive substitutes or new ingredients used in the food and/or 
pharmaceutical industries and developing higher-value use for their byproducts 
(Ayala-Zavala et al., 2011; Gorinstein et al., 2011). Moreover, giving them a new 
destination could contribute to decrease the amount of organic material discarded 
in the environment, as well as increase the food utilization rate (Melo et al., 2015). 
 
3. Occurrence of functional compounds in Brazilian byproducts 
Considering the great Brazilian agribusiness potential and the amount of 
byproducts generated during the supply chain, this review aimed to compile data of 
the utilization of Brazilian byproducts as an alternative source of bioactive 
compounds focusing on antioxidants compounds and dietary fiber. 
 
3.1. Brazilian byproducts as a source of natural antioxidant 
compounds 
According to a definition by Halliwell & Gutteridge (1995), antioxidants 
are any substance that, when present at low concentrations compared with that of 
an oxidizable substrate, significantly delays or inhibits oxidation of that substrate. 
But in a later work, defined them as “any substance that delays, prevents or 
removes oxidative damage to a target molecule” (Halliwell, 2007). 
Human antioxidant defense is equipped with enzymatic scavengers like 
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) 
(Venkat Ratnam, Ankola, Bhardwaj, Sahana, & Ravi Kumar, 2006). However, 





enough, and humans depend on various types of antioxidants that are present in 
the diet to maintain free radical concentrations at low levels (Pietta, 2000). These 
compounds present in the diet are phytochemicals and are defined by Liu (2004) 
as bioactive non-nutrient plant compounds that can be classified as carotenoids, 
phenolics, alkaloids, nitrogen-containing compounds, and organosulfur 
compounds, being phenolics and carotenoids the most studied. 
Numerous studies have demonstrated that the presence of antioxidant 
compounds in foods. However, often, the wasted byproducts present equivalent or 
even higher antioxidant contents than the final produce itself (Silva, Hill, 
Figueiredo, & Gomes, 2014). 
Considering the large amount of byproducts produced in the country and 
the lack of use, da Silva et al. (2014) evaluated the compounds with antioxidant 
capacity of twelve byproducts obtained during pulp production process. Pineapple, 
acerola, monbin, cashew apple, guava, soursop, papaya, mango, passion fruit, 
Surinam cherry, sapodilla, and tamarind pulps were evaluated as well as their 
byproducts (peel, pulp’s leftovers, and seed). The results of total phenolic 
compounds showed that pineapple, acerola, cashew apple, guava, Surinam 
cherry, and sapodilla had amounts greater for the byproducts when compared to 
their pulp. However, soursop, papaya, mango, and passion fruit byproducts also 
had good results. Overall, fruit byproducts showed higher levels of β-carotene and 
lycopene, as well as anthocyanins and yellow flavonoids when compared to the 
fruit pulps studied. Authors also observed that guava and Surinam cherry 
byproducts presented resveratrol in their constitutions and can be considered a 
rich source of this compound. Similarly, for coumarin, passion fruit, guava and 
Surinam cherry byproducts and mango pulp can be considered rich natural 
sources of this compound. 
Another research that explored a great number of byproducts was 
performed by da Silva & Jorge (2014). These authors evaluated the oils extracted 





originating from agro-industrial waste. Samples presented significant quantities of 
phenolic compounds. Tomato and guava oils showed better results in the 
antioxidant capacity tests and pumpkin oil had higher induction period in the 
oxidative stability test. 
Among the byproducts that have been more explored in scientific works 
in Brazil due to the large amount generated and antioxidant levels, we can mention 
the winery byproducts, which consist of pomace (skin and seeds), rachis, and lees. 
Nearly 20 million tons of winery byproducts, with many biological activities, are 
discarded each year in the world (Melo et al., 2015) and Brazilian wine production 
generates approximately 59.4 million kg of pomace or 18 kg pomace/100 L of wine, 
which is treated as a residue with low-profit uses such as in animal feed and 
manure (Campos, Leimann, Pedrosa, & Ferreira, 2008).  
Brazilian studies with grape byproducts have shown good antioxidant 
levels. Santos et al. (2011) analyzed peel, pulp, and seed extracts of four grape 
varieties, Isabel (Vitis labrusca), Niagara (V. labrusca), Benitaka (V. vinifera), and 
Brazil (V. vinifera). Authors observed that the content of phenolic compounds in 
peels ranged from 1.43 to 2.46 mg gallic acid equivalent (GAE)/g, between 89.83 
and 122.35 mg GAE/g in seed, being the greater result, and 0.04 – 0.11 mg GAE/g 
in pulp. In another study performed by Rockenbach et al. (2011), authors analyzed 
seed and skin extracts of six red grapes varieties – Primitivo, Sangiovenese, Pinot 
Noir, Negro Amaro, Cabernet Sauvignon (Vitis vinifera), and Isabel (Vitis labrusca). 
Values for total phenolics ranged from 660 to 1,839 mg catechin equivalents/100 g 
d.w. in skin and from 2,128 to 16,618 in seed. Additionally studies using 
chromatographic methods coupled identification systems identified and quantified a 
large number of polyphenols in Brazilian wine byproducts, such as in a study 
conducted by Barcia et al. (2014). In this study 19 anthocyanins, 9 
pyranoanthocyanins, 18 flavonols, 7 hydroxycinnamic acid derivatives, and 3 
resveratrol-based stilbenes were identified. Similar results were found by Melo et 





Another byproduct that has been extensively studied in Brazil is the 
jabuticaba peel. Jabuticaba is known as one of the richest Brazilian sources of 
anthocyanins. Commonly found in Brazilian markets, fresh jaboticaba fruit is widely 
consumed, and its popularity has been compared to that of grapes in the United 
States (Leite-Legatti et al., 2012). This fruit have great potential for both fresh 
consumption and industrial processing, such as in the manufacturing of juices, 
jams, and fermented and distilled liquors (e.g., “aguardente”) (Gurak, De Bona, 
Tessaro, & Marczak, 2014). Gurak, De Bona, Tessaro, & Marczak (2014) analyzed 
the polyphenol content in jaboticaba whole fruit, peel and pomace and found the 
best result in peel and pomace. In another study conducted by Calloni et al. (2015), 
jaboticaba peel extract showed to be an important source of phenolic compound, 
such as cyanidin-3-O-glucoside and kaempferol, and demonstrated the ability to 
prevent mitochondrial dysfunction minimizing the oxidative damage in MRC-5 cells. 
Leite-Legatti et al. (2012) observed that a polar extract of jaboticaba peel has 
antiproliferative effect against leukemia (K-562 cell line) and in a micronucleus test 
in mice showed induced no DNA damage and caused no mutagenic effects. These 
authors also demonstrated that the non-polar extract was active against prostate 
cell line (PC-3). 
Brazil is one of the major citrus producers, reaching 20.5 million tons 
(MT) of citrus annually. Oranges (18.5 MT), mandarins (1 MT) and acid limes 
(1MT) are the cultures produced (Barros, Ferreira, & Genovese, 2012). 
Approximately 2 MT are destined to the fresh fruits market, and according to data 
from IBGE (2010), the citrus acquisition accounted for 25% of total fruits acquired 
by households in the country. The remaining production, about 90%, is destined to 
the juice industry (Ladaniya, 2008), generating a large amount of byproducts that 
account for 50% of the original whole fruit weight (Marín, Soler-Rivas, Benavente-
Garcia, & Pérez-Alvarez, 2007; Anagnostopoulou, Kefalas, Papageorgiou, 
Assimopoulou, & Boskou, 2006), and peels are primary byproducts. Considering 





evaluated the antioxidant contents of pulp and peel of four citrus species grown in 
Brazil - C. sinensis, cvs. Pera and Lima; C. latifolia Tanaka cv. Tahiti; C. 
limettioides Tanaka cv. Sweet lime and C. reticulate, cv. Ponkan. These authors 
showed that all citrus peels evaluated presented very high Folin–Ciocalteu 
reducing capacity, ranging from 310.18 ± 10.91 (Sweet lime) to 575.06 ± 8.51 
(Lima orange) mg catechin equivalent/100 g of f.w., with significant differences 
between almost all varieties. These values were 2.5 to 4 times higher than for 
pulps. The same results were obtained for the assays that measure antioxidant 
capacity DPPH and FRAP. 
The annual mango production in Brazil is 823,000 tons, leaving the 
country as ninth largest producer, accounting for 3.4% of the total volume offered 
(EMBRAPA, 2004) and being one of the major exporting countries (FAO, 2005). In 
a study performed by Ribeiro, Barbosa, Queiroz, Knödler, & Schieber (2008) the 
profile of phenolic compounds of extracts from pulp, peel and seed kernel of four 
mango varieties cultivated in Brazil was characterized and presented higher 
antioxidant activity than did than BHA, a commercial standard. 
Brazil is the third largest producer of apples in South America, 
accounting for around 1.5% of production worldwide and Santa Catarina state is 
the largest producer of this country with 51% of the total production (IBGE, 2009). 
Antioxidant activity of the flesh and peel of 11 apple cultivars grown in Brazil were 
evaluated. As a result, they found the total phenolic content of the flesh ranging 
from 128.33 ± 4.51 to 212.01 ± 1.09 mg GAE/100g f.w. and from 304.66 ± 3.74 to 
712.65 ± 15.08 mg GAE/100g f.w. in the peel. Quantifying total flavanol, the results 
ranged from 7.86 ± 0.15 to 28.28 ± 1.20 mg CAE/100g f.w. in the flesh and from 
32.42 ± 0.95 to 147.75 ± 3.66 mg CAE/100g f.w. in the peel (Vieira et al., 2011). 
These results confirm the higher amount of antioxidants in portions usually not 
exploited. 
Among the fruits byproducts not yet widely consumed or produced in 





pequi (Caryocar brasiliense), all from Brazilian Cerrado biome were made. Baru 
flour, a waste of extraction of baru oil, showed that the flour presented an 
interesting polyphenol content and a level of antioxidant activity comparable with 
various fruits (Pineli et al., 2015). Roesler, Malta, Carrasco, & Pastore (2006) 
analysed the pulp, peel and seed of araticum and found better results in peel and 
seeds of ethanolic extracts, while in pequi peel, Roesler et al. (2007) found results 
higher than in araticum. 
These studies using Brazilian byproducts demonstrate that these 
sources are rich in antioxidant compounds, such as polyphenols, and may help to 
combat pathogenesis of disorders associated with free radicals and reactive 
species. Furthermore, the wastes can be used in food industry, retarding oxidative 
degradation of lipids and thereby improve the quality and nutritive value of food as 
an alternative source of antioxidant instead of use synthetic antioxidant, that have 
a carcinogenic effect, and their use is limited or prohibited in some countries, and 
anthocyanins as natural colorant (Ramalho, & Jorge, 2006; Moure et al., 2001). 
Besides these forms already known for the use of polyphenols, these compounds 
can also be used as antimicrobial agents. Burt (2004) has studied in detail the 
antimicrobial activities of many naturally occurring phenolic compounds from 
different plant sources and observed different mechanisms of microorganism 
inhibition such as damage to cytoplasmic membrane and leakage of cell contents, 
playing an essential role in protecting the fruit against pathogenic microorganisms. 
Table 1 shows a large number of fruits in which the total phenolic 





Table 1. Total phenolic content in various Brazilian pulps and byproducts. 
Fruit Part of the fruit Phenolics Reference 
Grape Peel 1.43 - 2.46 mg GAE/g Santos, Morais, Souza, Cottica, Boroski, & Visentainer 
(2011) 
 
Pulp 0.04 - 0.11 mg GAE/g 
 
Seed 89.83 - 122.35 mg GAE/g 
 Jabuticaba Whole fruit 16.92 ± 0.09 mg GAE/g d.w. Gurak, De Bona, Tessaro, & Marczak (2014) 
 
Peel 30.24 ± 1.37 mg GAE/g d.w. 
 
 
Pomace 43.39 ± 4.45 mg GAE/g d.w. 
 Mango Peel 57240 mg GAE/kg d.w. Ribeiro, Barbosa, Queiroz, Knödler, & Schieber (2008) 
 
Seed kernel 82540 mg GAE/kg d.w. 
 Apple Flesh 128.33 - 212.01 mg GAE/100g f.w. Vieira, Borges, Copetti, Di Pietro, Nunes, & Fett (2011) 
 
Peel 304.66 - 712.65 mg GAE/100g f.w. 
 Pineapple Pulp 990.76 ± 81.39 mg GAE/100g d.w. da Silva et al. (2014) 
 
Peel and pulp leftovers 2787.09 ± 225.38 mg GAE/100g d.w. 
 Acerola Pulp 29093.47 ± 799.68 mg GAE/100g d.w. da Silva et al. (2014) 
 
Seed 7265.29 ± 16.78 mg GAE/100g d.w. 
 Monbin Pulp 925.84 ± 46.84 mg GAE/100g d.w. da Silva et al. (2014) 
 
Byproduct n.d. 
 Cashew apple Pulp 5286.49 ± 250.34 mg GAE/100g d.w. da Silva et al. (2014) 
 
Peel and pulp’s leftovers 6588.41 ± 370.32 mg GAE/100g d.w. 
 Guava Pulp 1723.06 ± 111.58 mg GAE/100g d.w. da Silva et al. (2014) 
 
Peel, pulp’s leftovers, and 
seed 
1987.19 ± 8.06 mg GAE/100g d.w. 
 Soursop Pulp 2886.60 ± 119.05 mg GAE/100g d.w. da Silva et al. (2014) 
 
Pulp’s leftovers and seed 1439.63 ± 22.32 mg GAE/100g d.w. 





Table 1. Total phenolic content in various Brazilian pulps and byproducts (continued). 
Fruit Part of the fruit Phenolics Reference 
Papaya Pulp 1263.70 ± 126.97 mg GAE/100g d.w. da Silva et al. (2014) 
 Peel, pulp’s leftovers, and seed 783.37 ± 25.38 mg GAE/100g d.w.  
Mango Pulp 652.59 ± 22.53 mg GAE/100g d.w. da Silva et al. (2014) 
 Peel and pulp’s leftovers 376.12 ± 37.62 mg GAE/100g d.w.  
Passion fruit Pulp 765.09 ± 15.95 mg GAE/100g d.w. da Silva et al. (2014) 
 
Seed 451.06 ± 40.63 mg GAE/100g d.w. 
 Surinam cherry Pulp 3957.20 ± 194.45 mg GAE/100g d.w. da Silva et al. (2014) 
 
Pulp’s leftovers 12696.03 ± 313.39 mg GAE/100g d.w. 
 Sapodilla Pulp 209.45 ± 20.03 mg GAE/100g d.w. da Silva et al. (2014) 
 
Peel, pulp’s leftovers and seed 1053.43 ± 105.41 mg GAE/100g d.w. 
 Tamarind Pulp 923.34 ± 53.35 mg GAE/100g d.w. da Silva et al. (2014) 
 
Byproduct n.d. 
 Melon Seed 130.7 ± 0.7 mg GAE/kg da Silva & Jorge (2014) 
Pumpkin Seed 268.6 ± 1.5 mg GAE/kg da Silva & Jorge (2014) 
Tomato Seed 252.3 ± 0.8 mg GAE/kg da Silva & Jorge (2014) 
Baru Flour 121.34 ± 2.61 mg GAE/100 g Pineli et al. (2015) 
Araticum Pulp 31.08 ± 1.23 g GAE/kg d.w. Roesler, Malta, Carrasco, & Pastore (2006) 
 
Peel 111.42 ± 8.57 g GAE/kg d.w. 
 
 
Seed 110.48 ± 6.05 g GAE/kg d.w. 
 Pequi Seed + pulp 27.19 ± 1.25 g GAE/kg d.w. Roesler et al. (2007) 
  Peel 209.37 ± 3.57 g GAE/kg d.w.   






3.2. Brazilian byproducts as a source of dietary fibers 
Dietary fiber (DF) can be fractioned into two major groups of 
components, the water-insoluble and the water-soluble fraction. While the insoluble 
fraction stimulates the intestinal peristalsis, the soluble one promotes the selective 
growth of the endogenous microbiota, acting as a prebiotic (Sembries et al., 2003). 
Nawirska, & Kwasniewska (2005) reported the importance of DF intake on a daily 
basis to prevent obesity, atherosclerosis, heart diseases, gut cancer and diabetes. 
Furthermore, Lamsal & Faubion (2009) demonstrated that some fibers of fruit 
byproducts show functional properties such as water-holding, swelling, gel forming, 
bile acid binding, and cation-exchange capacities. 
Among the promising fruit byproducts are the peels of apple, banana 
and passion fruit, mainly related to their content of insoluble and soluble DF, pectin 
and fructooligosaccharides. These prebiotics are able to selectively stimulate the 
growth and activity of the gut microbiota, particularly lactobacilli and bifidobacteria 
(Davis, & Milner, 2009). 
Considering it, do Espírito Santo et al. (2012) used the total DF from 
apple, banana, and passion fruit processing byproducts on the post-acidification, 
total titratable acidity, bacteria counts and fatty acid profiles in skim milk yoghurts 
co-fermented by four different probiotics strains: Lactobacillus acidophilus L10 and 
Bifidobacterium animalis subsp. lactis BL04, HN019 and B94. As results, they 
observed that apple and banana fibers increased the probiotic viability during shelf-
life. All the fibers were able to increase the short chain and polyunsaturated fatty 
acid contents of yoghurts compared to their respective controls. A synergistic effect 
between the type of fiber and the probiotic strain on the conjugated linoleic acid 
content was observed, and the amount of α-linolenic acid was increased by 
banana fiber. The results of this study demonstrate, for the first time, that fruit 





suitability of using fibers from fruit processing the byproducts to develop new high 
value-added fermented dairy products. 
The orange juice industry uses approximately 50% of the fruit while the 
other 50% is peels, seeds and albedo, reading approximatelly 60% of the total 
byproducts (Fernández-López et al., 2009). However, byproducts generated by the 
citrus juice industries are sources of DF and are commonly used in animal feed or 
fertilizer, but due to their high fiber content, they should be used as food 
ingredients (Lario et al., 2004). Thus, using an orange (Citrus sinensis) juice 
extraction waste provided by a Brazilian industry, the authors Crizel, Jablonski, 
Rios, Rech, & Flôres (2013) characterized fibers from this byproduct and studied 
their application as a fat replacer in ice cream. For this purpose, two different 
samples of orange fiber were analyzed: F1 (peel, pulp and seeds) and F2 (peel). 
The results showed that both samples presented high levels of total dietary fiber 
and an ideal ratio between soluble and insoluble fiber. The fibers showed a high 
water and oil retention capacity and a high content of phenolic compounds and 
carotenoids. The use of orange fiber as a fat replacer in ice cream led to a 70% 
reduction of fat without causing significant changes in products attributes such as 
color, odor and texture, proving to be a promising alternative as a fat replacer in 
this kind of product. 
Gurak, De Bona, Tessaro, & Marczak (2014), conducted a study with 
jabuticaba pomace. This byproduct presented a large amount of total DF and 
insoluble DF, being 20.54 and 16.42 g/100 g, respectively, while jaboticaba peel 
had a good amount of soluble DF of 10.72 g/100 g. These authors suggest that this 
co-product could be re-used in the development of functional ingredients and that 
the industrialization of these materials is one possible alternative for food 
diversification. 
Although Brazil manages large amounts of byproducts, few studies have 
been conducted to use them as a source of DF. It is also necessary to consider 





DF and exert a mutual influence, because NEP modify the structure of the dietary 
fiber, affecting properties such as its reticulation, molecular weight and water 
solubility, and because the DF acts as a carrier of NEP. This association of NEP 
and DF can be considered as a particular type of DF with a specific influence on 
health (Sun, Chu, Wu, & Liu, 2002). 
 
4. Conclusion 
Brazil is a large agricultural producer and annually a lot of waste is generated, 
being peel, seeds, pomace the byproducts most generated in the food supply chain 
and industry. These Brazilian byproducts generated in the production of juices, 
jams and candies proved to be excellent sources of bioactive compounds, such as 
antioxidants like polyphenols, and dietary fibers. Among the wastes that stood out 
are the winery byproducts like pomace, jaboticaba peel, and orange with seeds, 
peel and albedo. However, few studies have been done in an attempt to generate 
products with higher added value and reusing waste with consequent reduction of 
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THE EFFECT OF IN VITRO DIGESTION ON THE ANTIOXIDANT ACTIVITY OF 
PEQUI PEEL AND ARATICUM PEEL AND SEED EXTRACTS, BYPRODUCTS 


































Phytochemicals, especially phenolic compounds, are of great 
importance due to their beneficial effects as anticarcinogenic, antithrombotic and 
anti-inflammatory. These beneficial effects are due to the phytochemicals capacity 
of act as antioxidant, which prevents or slows the oxidative stress induced by free 
radicals. This study aimed to quantify the total phenolic content (TP) by Folin-
Ciocalteu reagent and antioxidant activity by DPPH• and ABTS•+ scavenging 
capacity assays and oxygen radical absorbance capacity (ORAC) of pequi peel 
and araticum peel and seeds extracts, byproducts of Cerrado, prior and after an in 
vitro digestion, as well as in the extracts with bound phenolic compounds. 
Additionally, the cytotoxicity activity of crude and digested extracts was evaluated 
against two tumor cell lines and measured by methylthiazoletetrazolium (MTT) 
assay. The results indicated that the in vitro digestion process was responsible for 
a reduction of TP, as well as the antioxidant activity, except in araticum peel extract 
in DPPH and ORAC assays. None of these extracts have shown cytotoxic effect 
against K562 and NALM6 cell lines. This study provides information about Cerrado 
byproducts and their possible application in nutraceutical supplements, dietary 
additives, new food and pharmaceutical products, contributing to the recovery of 
agro-industrial process waste, with major economic and environmental impact. 
 
Keywords: phytochemicals, polyphenols, Annona crassiflora, Caryocar brasiliense, 







Plant foods provide a rich mixture of phytochemicals that have been 
associated to health benefits by the regular intake (Liu, 2004). Diets rich in 
phytochemicals, such as carotenoids and phenolic compounds, have been 
associated with a reduced risk of inflammation and diseases such as certain types 
of cancer, cardiovascular disease, cataract, macular degeneration and 
neurodegenerative diseases (Bueno et al., 2012; Tanaka, Shnimizu, & Moriwaki, 
2012; Snyder et al., 2011; Sergent, Piront, Meurice, Toussaint, & Scheinder, 2010). 
The protective effect of these compounds is related to their function in 
sequestering ROS and/or maintaining the cell components in their correct redox 
state (Martín et al., 2015). 
Although a large number of studies about the action of bioactive 
compounds are made with the pulp of the fruit, which is the part generally 
consumed, others studies have shown that the byproducts present equivalent or 
even higher contents than the final produce itself (Santos et al., 2011). 
Byproducts of fruits are made up of peels, rinds, seeds, and unused 
flesh that are generated by different steps of the industrial process and usually 
have no further usage and are commonly wasted or discarded (Ajila, Bhat, & Rao, 
2007). 
According to FAO (2009), Brazil is the third largest producer of fresh and 
processed fruits and about 35% of all agricultural production goes to waste. Among 
these Brazilian byproducts are pequi peel and araticum peel and seeds, both 
originating in the Brazilian Cerrado biome. 
The Brazilian Cerrado biome, typical of the tropical zone, is a savanna 
formation which occupies approximately 2.0 million km2 and corresponds to 23.1% 
of the Brazilian territory. It comprises the states of Goias, Tocantins, Mato Grosso 
do Sul and Minas Gerais, as well as southern Mato Grosso, western Bahia and the 





southern Maranhão, northern Piauí, Rondônia and in one-fifth of São Paulo. In 
Minas Gerais, it occupies more than 50% of the territory (Luzia, & Jorge, 2013). 
Pequi (Caryocar brasiliense) is a tropical fruit of Brazilian Cerrado and is 
considered an important option of income and food for the populations living in this 
biome. The pulp plus seed represents just 25% of the fruit, while the epicarp (peel) 
represents resting 75% (da Silva Quirino et al., 2009). Pequi fruits contain excellent 
nutritional sources such as antioxidant vitamins (A and E) and essential fatty acids 
(Sena Jr et al., 2010). Besides being a nutritional source, the handmade oil 
extracted from the pulp or the seed is also popularly employed to treat skin 
inflammation, respiratory affections, wound healing, ulcers, rheumatism, muscle 
pain and contusions (Agra, Freitas, & Barbosa Filho, 2007; Matos, 2007). These 
anti-inflammatory effects were confirmed by Saraiva et al., 2011 and Oliveira et al., 
2010, in addition to confirmed action in healing and gastroprotective activities in 
vivo (da Silva Quirino et al, 2009; Leite et al., 2009). 
Meanwhile, araticum (Annona crassiflora) is a typical fruit of the 
Brazilian Cerrado, considered to be a species of economic interest, mainly for its 
use in cooking, which is widespread among the inhabitants of that region, and can 
be found in many typical local dishes, especially sweets, jellies, liqueurs, soft 
drinks, ice creams and juices (Luzia, & Jorge, 2013). This fruit is rich in various 
elements and, in its composition, vitamins, besides iron, phosphorus and calcium 
are found. Each 100 g of its pulp has energy value of 52 calories, 0.4 g of protein, 
52 mg of calcium, 24 mg of phosphorus, 2.3 mg of iron, 21 mg of vitamin C, 50 mg 
of vitamin A, 0.04 mg of vitamin B1 and 0.07 mg of vitamin B2. Although the 
content of vitamin C present in the pulp is low, compared to other fruits native to 
the Cerrado, it is still higher than that of some cultivated fruits, such as banana (6.4 
mg) and apple (5.9 mg) (Almeida, 1998). 
Thus, the objective of the present study was to determine the total 
phenolic compounds and the antioxidant activity of pequi peel and araticum peel 





in the extracts with bound phenolic compounds. Additionally, show that the extracts 
of pequi and araticum byproducts can be used for application in nutraceutical 
supplements, dietary additives, new food and pharmaceutical products, 
contributing to the recovery of agro-industrial process waste. 
 
2. Material and methods 
2.1. Chemical reagents 
Gallic acid standard and the reagents 2,2’-azinobis(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS), 6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (Trolox), 2,2-azobis(2-
methylamidinopropane)-dihydrochloride (AAPH), sodium fluorescein, butylated 
hydroxytoluene (BHT), bile extract from porcine (B-8631), pepsin from porcine 
gastric mucosa (EC 3.4.23.1, P-7000), pancreatin from porcine pancreas (4 x USP-
US Pharmacopeia specifications, P-1750) were obtained from Sigma-Aldrich Co. 
(St. Louis, USA). Fetal bovine serum, penicillin, and streptomycin were obtained 
from Gibco (Gibco/Invitrogen, Grand Island, NY, EUA). Water was purified by the 
Milli-Q system (Millipore, Bedford, USA). All other chemicals and solvents used 
were of analytical grade from Labsynth (Diadema, Brazil). 
 
2.2. Sample preparation 
Pequi (Caryocar brasiliense) and araticum (Annona crassiflora) were 
obtained from markets from State of Goias, Brazil, in March 2012. Fruits were 






2.3. Extraction method 
Considering the byproducts of pequi as being peel and araticum as peel 
and seeds, these portions of the fruits were carefully removed and the extracts 
were prepared using the methodology proposed by Sun, Wu, & Liu (2002) with 
some modifications (see below). This method consists in the extraction of soluble 
and bound phenolics. 
 
2.3.1. Extraction of soluble free phenolic compounds 
Soluble free phenolics of pequi peel and araticum peel and seeds were 
extracted using the method reported by Sun, Wu, & Liu (2002) with some 
modifications. Briefly, 25 g of fresh weight of these portions were homogenized 
with chilled 80% acetone (1:2, w/v) using a chilled blender for 5 min. The sample 
was further homogenized using an Ultra Turrax® (IKA T 18 basic, Works Inc, 
Wilmington, USA) homogenizer for an additional 3 min and in sequence 
centrifuged for 10 min. The supernatant was reserved and the residue was used to 
extract twice more in the same way. Finally, the supernatants were joined and 
evaporated under reduced pressure (T<38°C). Concentrates were recombined, 
diluted with purified water to a volume of 25 mL and stored at -80°C for further 
experiments. The soluble free phenolic extracts contained both free aglycones and 
soluble conjugates (glycosylated forms) were designated crude extract of pequi 
peel - free (CPP - F), crude extract of araticum peel - free (CAP - F) and crude 
extract of araticum seeds - free (CAS - F). 
 
2.3.2. Extraction of bound phenolic compounds 
Bound phytochemicals of fruits byproducts were extracted by the 
method proposed by Sun, Wu, & Liu (2002) with some modifications. The residues 





with 20 mL of 2 M NaOH at room temperature for 1 h. The mixture was neutralized 
(pH 7) with concentrated hydrochloric acid, mixed for 2 min and extracted two 
times with 20 mL of hexane for 10 min. After this last step, the extract was 
centrifuged and supernatant was reserved. Then, the residue was used to 
extraction with 20 mL of ethyl acetate for five times, centrifuged for 10 min and all 
the supernatants were joined (hexane + ethyl acetate) and evaporated under 
reduced pressure (T<38°C). Concentrates were recombined, diluted with Milli-Q 
water to a volume of 25 mL and stored at -80°C for further experiments. These 
extracts were designated crude extract of pequi peel - bound (CPP - B), crude 
extract of araticum peel - bound (CAP - B) and crude extract of araticum seeds - 
bound (CAS - B) and were used in this work only to evaluate total phenolic content 
and antioxidant activity by DPPH, TEAC and ORAC assays. 
 
2.4. Gastrointestinal in vitro digestion 
In vitro gastrointestinal digestion was carried out according to the 
procedure described by Faller, Fialho, & Liu (2012), with slight modifications. 
Briefly, 2 mL of CPP – F, CAP - F  and CAS - F (1,0 g/mL) were mixed with a 
saline solution containing 140 mM NaCl, 5 mM KCl and 150 μM BHT at a ratio of 
1:4 v/v (sample/saline) followed by agitation in an orbital shaker for 10 min at room 
temperature. In sequence, the mixture was acidified to pH 2.0 with 0.1 M/1 M HCl 
and 250 µL of pepsin solution (0.2 g of pepsin in 5 mL of 0.1 M HCl) was added, 
simulating gastric digestion. This mixture was placed in a shaker at 37°C for 1 
hour. After gastric digestion, the pH of the digestate was increased to 6.9 with 0.1 
M/1 M NaHCO3 and 1.25 mL of pancreatin-bile solution (225 mg of bile extract and 
37 mg of pancreatin in 18.7 mL of 0.1 M NaHCO3) was added followed by 
incubation with shaking at 37°C for 2 h. The final digestate volume was adjusted to 
15 mL with saline solution and stored at -80°C for further experiments. These 





extract of araticum peel - free (DAP - F) and digested extract of araticum seeds - 
free (DAS - F). 
 
2.5. Determination of total phenolics content (TP) 
The Folin-Ciocalteu reagent was used to evaluate the TP according to 
the method described by Roesler et al. (2007) in CPP – F, CAP – F, CAS – F, CPP 
– B, CAP – B, CAS – B, DPP – F, DAP - F and DAS – F extracts. This method 
involves reduction of the reagent by phenolic compounds, with concomitant 
formation of a blue complex. Its intensity increases linearly at 760 nm with the 
concentration of phenols in the reaction medium as described by Swain & Hillis 
(1959). Extracts were dissolved in methanol to obtain the appropriate concentration 
and sonicated for 2 h. Then, 0.5 mL of a known dilution of each extract was added 
to the test tube and combined with 2.5 mL of 10% Folin-Ciocalteu reagent and 2.0 
mL of 7.5% Na2CO3 solution. After the mixture had been allowed to stand for 5 
min at 50° C, the absorbance of the resulting blue color was measured at 760 nm 
in a spectrophotometer (DU-640™, Beckman-Coulter - Brea, CA, USA). The 
results were expressed in mg of gallic acid equivalents/g of byproduct using 
standard curve of gallic acid (10 – 100 µg/mL). Estimation of the phenolic 
compounds was carried out in triplicate and the data are reported as mean ± SD. 
 
2.6. Antioxidant activity 
2.6.1. DPPH  scavenging assay 
The antioxidant property of CPP – F, CAP – F, CAS – F, CPP – B, CAP 
– B, CAS – B, DPP – F, DAP - F and DAS – F extracts to scavenge DPPH radicals 
was measured according to the method described by Brand-Williams, Cuvelier, & 
Berset (1995) with some modifications. Experiments were performed on freshly 





known dilution was mixed with 250 μL of DPPH solution in a transparent 
microplate. Ethanol was used as a blank and DPPH  solution without test samples 
(250 μL of DPPH  + 50 μL of ethanol) served as the control. After 30 minutes of the 
reaction at 25°C, the absorbance of the remaining DPPH was measured at 517 nm 
on a microplate reader against blank. Free radical-scavenging activity was 
expressed as a percentage of the absorbance of the control DPPH solution, 
obtained from the following equation: %Activity = [(ADPPH − AExtr)/ADPPH)] × 100, 
where ADPPH is the absorbance value of the DPPH control, and AExtr is the 
absorbance value of the test solution. Trolox was used as a standard using a 
calibration curve (15 – 250 µM), and the results of the assay were expressed as 
μmol Trolox equivalent (TE)/g of byproduct. These results were obtained in 
triplicate and expressed as mean ± SD. 
 
2.6.2. ABTS•+ scavenging capacity assay 
The ABTS•+ scavenging capacity assay was determined as described by 
Le, Chiu, & Ng (2007) in CPP – F, CAP – F, CAS – F, CPP – B, CAP – B, CAS – 
B, DPP – F, DAP - F and DAS – F extracts. The method is based on the 
decolourisation of the ABTS radical cation to determine the antioxidant potential of 
samples. The solution of ABTS radical cation was prepared in advance by reacting 
aqueous ABTS solution (7 mM) with potassium persulfate (2.45 mM). In the 
analysis, diluted ABTS•+ solution with an absorbance of 0.70 ± 0.02 at 734 nm was 
employed. Briefly, 50 µL of optimal diluted extract was added in 250 µL of ABTS•+ 
solution, followed by 6 minutes incubation at room temperature. The absorbance 
values were measured on a microplate reader at 734 nm in triplicate. Free radical-
scavenging activity was expressed as a percentage of the absorbance of the 
control ABTS•+, obtained with the following equation: %Activity = [(AABTS•+ 
− AExtr)/AABTS•+] × 100, where AABTS• is the absorbance value of the ABTS• control, 





plotted of absorbance reduction and concentration of the Trolox (1 – 170 µM) and 
the results were expressed as μmol Trolox equivalent (TE)/g of byproduct. 
 
2.6.3. Measurement of Oxygen Radical Scavenging Capacity 
(ORAC) 
2.6.3.1. Hydrophilic-oxygen radical absorbance capacity (H-ORAC) 
assay 
H-ORAC of the samples CPP – F, CAP – F, CAS – F, DPP – F, DAP - F 
and DAS – F was evaluated as described by Dávalos, Gómez-Cordovés, & 
Bartolomé (2004) using fluorescein as a fluorescent probe and performed in a 
microplate reader. In H-ORAC assay 75 mM phosphate buffer (pH 7.4) was used 
to prepare samples and Trolox solutions. The reagents were placed in black 
microplate wells where the reaction occurred. In each well, 20 µL of optimal diluted 
extract, 120 μL of fluorescein (0.387 µg/mL) and 60 μL of AAPH (108 mg/mL) were 
mixed. The microplate was immediately placed in a microplate reader 
(NOVOstar®, BMG Labtech - Offenburg, Germany) and the decay of fluorescence 
was measured every minute for 80 minutes at 37°C, with excitation and emission 
wavelengths of 485 and 528 nm, respectively. A blank experiment, without sample 
or Trolox (20 μL of phosphate buffer + 120 μL of fluorescein + 60 μL of AAPH) was 
also performed. The results were calculated using the relative area under the curve 
(AUC) for samples compared to a Trolox standard curve (20 - 800 µM) discounting 
the AUC of blank. H-ORAC values were expressed as mean µmol Trolox 






2.6.3.2. Lipophilic-oxygen radical absorbance capacity (L-ORAC) 
assay 
Antioxidant capacity of CPP – B, CAP – B and CAS – B extracts was 
evaluated employing L-ORAC assay (Prior et al., 2003). Solution of Randomly 
Methylated β Cyclodextrin - RMCD (7%, w/v) was prepared in acetone:water 
mixture (1:1, v/v) in order to dissolve the samples. Fluorescein and AAPH solutions 
were prepared in the same manner as H-ORAC, using phosphate buffer and in the 
same concentrations. In each well, 20 µL of optimal diluted extract, 120 μL of 
fluorescein (0.387 µg/mL) and 120 μL of AAPH (108 mg/mL) were mixed and 
analyzed in the same manner as H-ORAC. 
 
2.7. Citotoxic activity 
Cytotoxicity activity of CPP – F, CAP – F, CAS – F, DPP – F, DAP - F 
and DAS – F extracts was evaluated against two cell types of neoplasms and 
measured by methylthiazoletetrazolium (MTT) assay. The MTT reduction is a rapid 
colorimetric method, often used to measure cell proliferation and cytotoxicity 
(Mosmann, 1983). In this assay, MTT is accumulated into the cells by endocytosis 
and the reduction of the tetrazolium ring of this salt results in formation of blue 
formazan crystals by mitochondrial enzymes which accumulates in endosomal 
and/or lysosomal compartments. Being a fundamental mechanism of endocytosis 
living cells, the MTT assay has often been used in cell viability assay (Liu, & 
Schubert, 1997). In this study, the tested cell lines were K562 (human myeloid 
leukemia cell line) and NALM6 (human B acute lymphoblastic leukemia). The cells 
were distributed in 96-well plates [100 μL cells/well in the density of 30.000 
cells/well with RPMI 1640 medium (Sigma R6504) supplemented with 10% fetal 
bovine serum (Gibco 16000-044), 1% penicillin (10,000 IU/mL), and streptomycin 
10 mg/mL (15,070 Gibco)]. The established cells were exposed to various 





incubated for 48 h at 37° C in humidified air with 5% CO2. After incubation with the 
extracts, 5 mg/mL MTT was added (20 μL/well) and cells were incubated for 4 h at 
37°C. The reaction was stopped using 100 μL of 0.1 N HCl in anhydrous 
isopropanol and the absorbance was measured at 570 nm, using an automated 
plate reader. Doxorubicin was used as positive control. All conditions were tested 
in triplicates. 
 
2.8. Statistical analysis 
For all analyses, determinations were made in triplicate as independent 
experiments and described as mean ± SD. Data obtained were evaluated using the 
t test for paired samples with significance determined at p<0.05 using software 
Assistat 7.6 beta program (Silva & Azevedo, 2009). 
 
3. Results and discussion 
 
3.1. Total phenolics content and antioxidant activity in crude extract 
of pequi peel (CPP – F and CPP – B), araticum peel (CAP – F and CAP – B) and 
araticum seeds (CAS – F and CAS – B) 
The phenolics coumpounds are present in many plant foods in both 
soluble free and bound forms (Sun, Wu, & Liu, 2002).  The soluble free forms are 
mainly determined in studies. This portion is more readily absorbed and thus, 
exerts beneficial bioactivities in early digestion (Chu, Sun, Wu, & Liu, 2002; Sun, 
Wu, & Liu, 2002). According to Pérez-Jiménez & Torres (2011) the extractable 
phenolic compounds are represented by flavonols (catechins, proanthocyanidins, 
anthocyanins, flavonois, flavones, isoflavones), phenolic acids (including soluble 






The bound forms, which has been given different names, such as: 
nonextractable (Arranz, Saura-Calixto, Shaha, & Kroon, 2009), unextractable 
(Hellström & Mattila, 2008) and insoluble (Adom & Liu, 2002) were described as 
the “hidden face” of food phenolics (Tarascou et al., 2010). This portion is 
covalently bound to the plant matrix and remain in residues of commonly used 
extraction methods, and cannot be extracted into water or aqueous/organic 
solvents mixtures (Pérez-Jiménez, & Torres, 2011). According to Pérez-Jiménez & 
Torres (2011), the nonextractable phenolic compounds are represented by 
proanthocyanidins, hydrolysable tannins and phenolic acid oligomers that are 
linked to food matrix (dietary fiber and proteins) by hydrogen bonds, hydrophobic 
interactions and covalent bonds. Some studies say that this portion could survive 
on the human stomach and small intestine digestion and reach the colon intact, 
where they are released to exhibit their bioactivity with health benefits (Oboh, & 
Rocha, 2007; Chu, Sun, Wu, & Liu, 2002; Sun, Wu, & Liu, 2002). 
Considering that studies dealing with bound phenolics compounds are 
scarce in comparison to those with free phenolics and that it can underestimate 
quantitative or qualitative antioxidants results, the present work extract the both 
fractions and the results for total phenolics content and antioxidant activity in CPP 







Table 1. Phenolic content and antioxidant activity in pequi peel, araticum peel and 























CPP - F 17.64 ± 0.47
a
 107.93 ± 4.86
a
 231.66 ± 16.25
a
 91.10 ± 4.48
a
* 
CPP - B 1.67 ± 0.02
b
 10.79 ± 0.44
b
 15.17 ± 0.22
b




CAP - F 56.71 ± 1.43
a
 371.57 ± 3.15
a
 563.67 ± 38.29
a
 372.62 ± 32.09
a
* 
CAP - B 1.70 ± 0.11
b
 3.53 ± 0.01
b
  9.71 ± 0.15
b





CAS - F 3.86 ± 0.17
a
 9.65 ± 0.34
a
 21.90 ± 0.46
a
 41.50 ± 3.21
a
* 
CAS - B 2.05 ± 0.11
b
 1.25 ± 0.04
b
 3.93 ± 0.29
b
 25.00 ± 0.79
b§
 
CPP – F: crude extract of pequi peel – free; CPP – B: crude extract of pequi peel – bound; 
CAP – F: crude extract of araticum peel – free; CAP – B: crude extract of araticum peel – 
bound; CAS – F: crude extract of araticum seeds – free; CAS – B: crude extract of 
araticum seeds – bound. 
Values are represented as means ± SD of triplicate analysis. Different letters in the same 
byproduct indicates significantly different values (p<0.05). 
1 TP is expressed as mg gallic acid equivalents/g of byproduct. 
2 DPPH, ABTS and ORAC are expressed in μmol Trolox equivalent/g of byproduct. 
*H-ORAC; §L-ORAC. 
 
Considering pequi peel extracts, the results of CPP – F were 
significantly higher than CPP – B, that represented only 9.47%, 10.0%, 6.55% and 
19.74% of the results of CPP – F for TP, DPPH• and ABTS•+ scavenging assays 
and ORAC, respectively. The results of CAP – F were significantly higher than 
CAP – B, that represents only 3.00%, 0.95%, 1.72% and 8.31% of the results of 
CAP – F for TP, DPPH• and ABTS•+ scavenging assays and ORAC, respectively. 
Analyzing the results of araticum seeds, the values of CAS – B represent only 
53.11%, 12.95%, 17.95% and 60.24% of the results of CAS – F for TP, DPPH• and 
ABTS•+ scavenging assays and ORAC, respectively. These results are in 
agreement with those demonstrated by Sun, Chu, Wu, & Liu (2002). These authors 
studied the free and bound phenolic portions of apple, banana, red grape, 
grapefruit, lemon, orange, peach, pear, pineapple, strawberry and cranberry and 
observed higher values of free phenolic compounds for these fruits than bound 





free compounds than bound ones of litch pulp. Moreover, Oboh, & Ademosun 
(2012) determined the distribution of free and bound phenolics in some Nigerian 
citrus peels [orange (Citrus sinensis), grapefruit (Citrus paradisii) and shaddock 
(Citrus maxima)] and characterized the antioxidant properties. These authors 
reported that all the fruits peels had higher distribution of phenolic in the free form 
and high antioxidant properties in this form too, except in orange peel. However, in 
a study conducted by Arranz, Saura-Calixto, Shaha, & Kroon (2009) aiming free 
and bound polyphenols quantification from apple, peach, and nectarine using 
HPLC-MS and spectrophotometry, it has been described that the bound 
polyphenols represented the higher portion (112-126 mg/100g of fresh fruit) than 
free one (18.8-28 mg/100g of fresh fruit). 
Although the total phenolic content and antioxidant activity are usually 
higher in free phenolic extract in fruits, the same is not true for grains such as corn, 
wheat, oats and rice, as evidenced by Adom & Liu (2002), in which the bound 
forms had better results. Most previous studies in the literature reported the 
phenolic levels of grains using various aqueous solutions of methanol, ethanol, and 
acetone to extract soluble phenolics. However, the results may have been 
underestimated, showing the importance of the extraction and evaluation of bound 
compounds in different matrices, considering that different plants have different 
compositions of phytochemicals with different structures, offer different protective 
functions with different extents (Adom, & Liu, 2002). 
Regarding to the extraction solvent used in the present work to extract 
the free portion, the solution acetone/water 80% (v/v) showed fulfill its function, 
what can be demonstrated in the study by Su et al. (2014). These authors 
evaluated five different solvent mixtures to extract the free phenolic compounds 
from litchi pulp and concluded that aqueous acetone extracted the largest amount 
of total free phenolic compounds (210.7 mg GAE/100 g f.w.) from litchi pulp, 
followed sequentially by aqueous mixtures of methanol, ethanol and ethyl acetate, 





important to consider that acetone is an unrestricted solvent permitted for use in 
the preparation of food ingredients in the European Union (Marriott, 2010). 
 
3.2. Total phenolics content and antioxidant activity in pequi peel, 
araticum peel and araticum seeds extracts before and after in vitro digestion: CPP 
– F, DPP – F, CAP – F, DAP – F, CAS – F and DAS – F 
The in vitro digestion model was developed in order to simulate 
physiological conditions that occur during the passage of food through the 
digestive tract. Most of the studies in the literature mimics gastric and intestinal 
compartments, especially considering the small intestine. For this purpose, 
digestive enzymes are used in particular gastric pepsin, pancreatin and bile salts, 
associated with changes in pH of the medium, agitation and temperature control, 
often being kept at 37°C, mimicking the body temperature. Other developed 
models also associate characteristics of the digestive process occurring in the 
mouth, including the addition of α-amylase, and large intestine, and colonic 
fermentation (Fernández-Garcia, Carvajal-Lérida, Pérez-Gálvez, 2009).  
The effectiveness of absorption of polyphenols from the alimentary tract 
is influenced by many factors, such as molecular mass, environmental pH, 
hydrophobicity, degree of polymerization and kind of sugar present in the molecule. 
Aglycons, because of their hydrophobic character, penetrate biological membranes 
by passive diffusion, whereas most flavonoids exist as glycosides and have to be 
hydrolyzed by intestinal enzymes or intestinal microflora before diffusion (Tarko, 
Duda-Chodak, Sroka, Satora, & Michalik, 2009). 
Considering that the absorption of the phenolic compounds is highly 
dependent on the chemical form, that is, the molecular weight, degree of 
glycosylation and esterification, interaction with other components in the food 





Grant, & Pusztai, 2001), it is important to evaluate the products formed from the 
digestion of phenolic compounds.  
Although there are several data in the literature regarding the 
polyphenol content in fruit extracts, there is a lack of data regarding the 
polyphenols that are released after in vitro digestion and their effect on antioxidant 
activity (Pavan, Sancho, & Pastore, 2014). Considering this lack of data concerning 
the effects of digestion, and that the in vitro digestion is a relatively simple method 
when compared to the in vivo model, besides being safe and do not present ethical 
restrictions (You, Zhao, Regenstein, & Ren, 2010), we evaluated the effect of 
digestion on CPP – F, CAP – F and CAS – F extracts and the digested extracts 
were designated DPP – F, DAP - F and DAS – F, respectively. The results are 
represented in Table 2. 
Table 2. Phenolic content and antioxidant activity in pequi peel, araticum peel and 





















CPP - F 17.64 ± 0.47
a
 107.93 ± 4.86
a
 231.66 ± 16.25
a
 91.10 ± 4.48
a
 
DPP - F 4.80 ± 0.20
b
 11.09 ± 0.58
b
 53.72 ± 12.93
b





CAP - F 56.71 ± 1.43
a
 371.57 ± 3.15
a
 563.67 ± 38.29
a
 372.62 ± 32.09
a
 
DAP - F 43.20 ± 0.95
b
 336.91 ± 20.05
a
  328.28 ± 11.37
b





CAS - F 3.86 ± 0.17
a
 9.65 ± 0.34
a
 21.90 ± 0.46
a
 41.50 ± 3.21
a
 
DAS - F 1.71 ± 0.34
b
 5.26 ± 0.25
b
 12.93 ± 0.69
b
 30.58 ± 0.45
b
 
CPP – F: crude extract of pequi peel – free; DPP – F: digested extract of pequi peel – free; 
CAP – F: crude extract of araticum peel – free; DAP – F: digested extract of araticum peel 
– free; CAS – F: crude extract of araticum seeds – free; DAS – F: digested extract of 
araticum seeds – free. 
Values are represented as means ± SD of triplicate analysis. Different letters in the same 
byproduct and in the same assay indicate significantly different values (p<0.05). 
1 TP is expressed as mg gallic acid equivalents/g of byproduct. 







The results for total phenolics (TP) for CPP – F and DPP – F extracts 
showed significant difference values with 72.80% of reduction. Considering 
araticum peel extracts, the results showed 23.83% of reduction. The same 
occurred in the digestion of CAS – F, in which there was a reduction of 55.73%. 
These results are in agreement with Fazzari et al. (2008), which observed a 
reduction in the total phenolics in five cultivars of frozen sweet cherries (Prunus 
avium L.). Pavan, Sancho, & Pastore (2014) observed the same for araticum and 
papaya pulp. As well as Sancho, Pavan, & Pastore (2015) in a study about the 
effects of gastrointestinal digestion in black bean and small red bean seed coats. 
The decrease can be explained, according to Bermúdez-Soto, Tomás-Barberán & 
García-Conesa (2007), based in the chemical conditions during pancreatic 
digestion, and not with the interations with digestive enzymes. 
Considering that the antioxidant activity can present distinct results with 
different radicals, it must be examined through more than one test. In our study it 
was determined by DPPH• and ABTS•+ scavenging capacity and ORAC assays. 
The results for antioxidant activity of CPP – F, DPP – F, CAP – F, DAP – F, CAS – 
F and DAS – F are presented in Table 2. 
The evaluation of antioxidant activity (AA) of pequi peel and araticum 
seeds extracts showed similar results for all tests, with the reduction of antioxidant 
capacity. Similar results were found by Faller, Fialho, & Liu (2012) in a study with 
feijoada and its bioactive coumpounds. This reduction can be explained as a 
consequence of the result of the decrease in phenolic compounds. 
Although the findings of this study are similar to the literature, it is 
important to note that the total amount of ingested polyphenolic compounds does 
not always reflect the amount that is available to the body and that the 
bioavailability of phenolics could be significantly different depending on the 
consumed food source (Stanisavljevic et al., 2015). This consideration could 
explain the higher percentage of reduction in pequi peel extract antioxidant activity 





The evaluation of AA of CAP – F and DAP – F showed similar results for 
DPPH• scavenging capacity and ORAC, with no significant difference between 
undigested and digested extracts. On the other hand, the AA by ABTS•+ 
scavenging capacity decreased in DAP – F, with 41.76% of reduction.  
These differences in behavior between the tests may be due to the 
mode of action of each radical. It is necessary to considerer that DPPH assay is 
dependent on stoichiometry of the compounds present in the sample, being 
dependent on the number of hydroxyl (Brand-Williams, Cuvelier, & Berset, 1995). 
Brand-Williams, Cuvelier, & Berset (1995) also claim that the position of the 
second and third hydroxyl groups of antioxidant compound is important on DPPH 
assay. Compounds whose second hydroxyl group is in the ortho or para position 
have a higher activity than when it is meta position. In ABTS•+ scavenging capacity 
assay, the AA depends on the structure of catechol in the B ring as well as the 
reducing 3-hydroxyl group on the unsaturated C ring adjacent to a carbonyl group 
of the antioxidant compound (Brand-Williams, Cuvelier, & Berset, 1995). The 
ORAC assay is more relevant from a biological standpoint for being performed in 
physiologic temperature and pH, reflecting more closely the antioxidant activity in 
biological systems (Prior, Wu, & Schaich, 2005). 
 
3.3. Citotoxic activity in crude and digested extracts of pequi peel, 
araticum peel and araticum seeds: CPP – F, DPP – F, CAP – F, DAP – F, CAS – F 
and DAS – F 
The MTT assay was used to measure cell growth and viability at the 
biochemical level. The use of this colorimetric assay for cell growth and cell 
survival offers major advantages in speed, simplicity, cost, and safety over 
conventional cell counting assays (Mosmann, 1983). 
While flavonoids exhibit potent antioxidant activity, their cytotoxic effects 





DPP – F, CAP – F, DAP – F, CAS – F and DAS – F extracts were tested in K562 
(human myeloid leukemia cell line) and NALM6 (human B acute lymphoblastic 
leukemia). Doxorubicin was used as positive control. 
CPP – F, DPP – F, DAP –F, CAS – F and DAS – F extracts did not 
show to have a cytotoxic effect against the cell types used in this study until the 
maximum tested dose of 400 µg/mL. The CAP - F extract showed IC50 of 312.7 ± 
6.0 μg/mL and 303.2 ± 9.7 μg/mL for K562 and NALM6 cell line, respectively. 
According to the U.S. National Cancer Institute Protocol (NCI), the 
criteria of cytotoxicity for crude extract is an IC50 value ≤20 µg/mL in the preliminary 
assay (Abdel-Hameed, Salih A. Bazaid, Shohayeb, El-Sayed, & El-Wakil, 2012).  
The functional effect of the compounds depends not only on the amount 
ingested, but also on its bioavailability (Macedo et al., 2012). In this context, 
Macedo et al. (2012), evaluated the chemopreventive potential of green tea extract 
after an enzymatic reaction, catalysed by the tannase, produced by Paecilomyces 
variotti, and concluded that bioprocesses, such as fermentation or enzymatic 
hydrolysis of plant sources and their products, can release the phenolic glycosides 
or other conjugates and consequently, enhance the functional activity of these 
antioxidants. Therefore, biotechnological methods can be an alternative to improve 
the performance of cytotoxic activity of pequi peel and araticum peel and seed 
extracts in cancer cell lines. 
 
4. Conclusion 
This study provided the knowledge about the byproducts of pequi and 
araticum as a source of bioactive compounds as antioxidant. The analyzes showed 
that the samples present little amount of bound phenolic compounds. The in vitro 
digestion process was responsible for a reduction of TP, as well as the antioxidant 
activity, except in araticum peel extract in DPPH and ORAC assays, showing the 





proves that total amount of ingested polyphenolic compounds does not always 
reflect the amount that is available to the body. Considering that the absorption of 
the phenolic compounds is highly dependent on the chemical form, that is, the 
molecular weight, degree of glycosylation and esterification, interaction with other 
components in the food matrix such as protein, the bioavailability of these 
compounds could be significantly different depending on the consumed food 
source. However, more studies are needed to determine the compounds that 
remain after in vitro digestion and which products were formed in this process. So, 
in an attempt to value the Cerrado biome and the byproducts generated, the 
present work presented pequi peel and araticum peel and seed extracts as an 
option of a source of antioxidant, contributing to the recovery of agro-industrial 
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IN VIVO EVALUATION OF ARATICUM PEEL EXTRACT AGAINST OXIDATIVE 

































Annona crassiflora is a typical Brazilian fruit of Cerrado known popularly as 
araticum, araticum-do-cerrado, araticum-do-campo, pinha-do-cerrado or marolo. 
This fruit is considered to be a specie of economic interest and is consumed in 
natura or as juice, ice cream or jelly. This study aimed to investigate the potential 
protective effect of araticum peel, a Brazilian byproduct of Cerrado, against DOX-
induced cardiotoxicity in Wistar rats. Araticum peel extract (APE) was tested in the 
doses of 75, 150, and 300 mg/kg b.w. orally for 15 consecutive days and DOX (15 
mg/kg b.w.; i.p.) was administered on the 15th day. The extract did not show to be 
effective in the recovery of body weight or the relative weight of the heart in any of 
the tested doses. However, these results may be due to exposure to doxorubicin 
period of just 24 h. The results for CAT, SOD and GR activities showed that APE 
was able to revert or protect the alterations in cardiac enzymatic antioxidant 
defense system induced by DOX. The same occurred with histological analysis of 
heart, liver and kidneys, where the lesions in groups treated with APE + DOX were 
in a smaller scale when compared to positive control group. Pretreatment with 
extract recovery urea levels in the groups treated with the extract and simultaneous 
induction of oxidative stress by DOX, but there was no statistical difference in 
serum creatinine among the groups. APE was also able to reverse the increase in 
plasma concentration of ALT and AST enzymes. It was observed with the results of 
ORAC of plasma that the groups treated with APE and DOX showed plasma 
antioxidant activity statiscally equal to groups that received the extract without 
induction of oxidative stress by DOX and also equal to the normal control group. 
The results found in this study presents araticum peel as an alternative font of 
bioactive compounds as attempt to enhancing the use of byproducts and contribute 
to reducing the environmental impact caused by them. 
 






Aerobic organisms continuously produce reactive oxygen species (ROS) 
as a result of normal oxidative metabolism of mitochondria. Under normal 
conditions, ROS are neutralized by an elaborate antioxidant defense system 
consisting of enzymes such as catalase, manganese superoxide dismutase, 
glutathione peroxidase and numerous non-enzymatic antioxidants (Traber, 2006; 
Urso, & Clarkson, 2003; Ferreira, & Matsubara, 1997). 
However, when there is an unbalance between prooxidant factors (such 
as inflammation, exposure to certain chemicals, radiation, ultraviolet light, alcohol, 
smoking, air pollution, high fat diet, etc.) and antioxidants (vitamin E, vitamin C , β-
carotene, glutathione peroxidase, catalase, glutathione, superoxide dismutase, uric 
acid, and others) occurs a process called oxidative stress. This can result in an 
abnormal metabolism, loss of physiological functions, disease, and even death 
(Costa, & Rosa, 2010; Inserra, Ardestani, & Watson, 1997). Strong evidence 
suggests that ROS plays an important role in the initiation and promotion phase of 
carcinogenesis (Senthilkumar, Badami, Dongre, & Bhojaraj, 2008; Borek, 2004). 
An example of excessive imbalance between antioxidants and ROS 
generation occurs in the case of treatment of tumors and neoplasms with 
doxorubicin (DOX). DOX belongs to the class of anthracyclines and is one of the 
most powerful anticancer drugs prescribed alone or in combination with other 
agents. This drug is used in treating solid tumors and hematologic malignancies, 
including breast tumors, bile duct, prostate, uterus, ovary, esophagus, stomach 
and liver, solid tumors in children, osteosarcomas, Kaposi sarcoma, and leukemia 
lymphoblastic and myeloblastic acute and Wilms tumor (Carvalho et al., 2009). 
However, the potent anti-tumor effect of this drug is counterbalanced to its toxicity 
in different organ systems, specifically in the heart, causing irreversible dilated 
cardiomyopathy and congestive heart failure (Gilleron et al., 2009). Among the 





increased oxidative stress which leads to damage macromolecules, membranes, 
DNA and enzymes involved in energy production, thus contributing to cell damage, 
energy deficit and acceleration of death cell through apoptosis and necrosis 
(Tokarska-Schlattner, Zaugg, Zuppinger, Wallimann, & Schlattner, 2006; Singal, Li, 
Kumar, Danelisen, & Iliskovic, 2000). 
Fruits are natural sources of essential nutrients (macronutrients and 
micronutrients), antioxidants, and other beneficial phytochemicals (Awodoyin et al., 
2015). The antioxidant properties of fruits contribute to the body's antioxidant pool 
resulting in an increased cellular protection from oxidative damage, that is a key 
phenomenon in chronic disorders: diabetes mellitus, cardiovascular diseases, and 
cancer (Chivandi, Mukonowenzou, Nyakudya, & Erlwanger, 2015; Schewe et al., 
2001).  
In the fruit and vegetable industry, the preparation and processing 
procedures can lead to one third of the product being discarded. This can be costly 
for the manufacturer and also may have a negative impact on the environment. 
However, research has shown that these byproducts can have a high nutritional 
value and it has previously been reported that wastes and byproducts of fruits may 
be an abundant source of antioxidant polyphenols (Kabir et al., 2015; O’Shea, 
Arendt, & Gallagher, 2012; Wijngaard, Rößle, & Brunton, 2009; Vasco, Ruales, 
and Kamal-Eldin 2008; Peschel et al., 2006). 
According to FAO. (2009), Brazil is the third largest producer of fresh 
and processed fruits in the world. However, Brazil is among the 10 countries that 
generate more waste of food in the world. About 35% of all agricultural production 
goes to waste (IPEA, 2009). Araticum peel is an example of Brazilian byproducts, 
originating in the Brazilian Cerrado biome. 
The Brazilian Cerrado biome, typical of the tropical zone, is a savanna 
formation which occupies approximately 2.0 million km2 and corresponds to 23.1% 
of the Brazilian territory (Luzia, & Jorge, 2013). Since the 1980s, the most rapid 





Pereira, & Simões, 2011). The deforestation rate in the Cerrado was double than 
that in the Amazon Basin between 2008 and 2010 (Lambin et al., 2013), what 
points to the little attention that this biome gets compared to the rainforest 
(Giambelluca et al., 2009). Thus, the rate of destruction is higher than the ability of 
the scientific community to generate knowledge about this biome. 
Annona crassiflora, also known as ‘araticum’, ‘marolo’ or ‘pinha-do-
cerrado’ (Almeida, Proença, Sano, & Ribeiro, 1998), is a tree native to the Brazilian 
Cerrado, widely spread throughout the biome. The species spans across the states 
of São Paulo, Minas Gerais, Bahia, Mato Grosso do Sul, Mato Grosso and 
Tocantins (Lorenzi, 1998). This fruit is considered to be a species of economic 
interest, mainly for its use in cooking, which is widespread among the inhabitants 
of that region, and can be found in many typical local dishes, especially sweets, 
jellies, liqueurs, soft drinks, ice creams and juices (Luzia, & Jorge, 2013). Annona 
crassiflora presents sensory appeal such as color, scent and flavor besides many 
nutritional qualities including high levels of B complex vitamins, such as thiamine 
(0.04 mg/100 g) and riboflavin (0.07 mg/100 g), as well as ascorbic acid 
(21 mg/100 g) and carotenoids (5.9 ug/g) ( Agostini, Cecchi, & Godoy, 1996). The 
antioxidant activity of Annona crassiflora was evaluated using in vitro models and 
the results showed that ethanolic extracts of seeds and peel contains compounds 
that have excellent antioxidant activity, as high as other plant products used for this 
purpose (Roesler, Malta, Carrasco, & Pastore, 2006). 
Thus, the objective of the present study, was evaluate the influence and 
possible protection of araticum peel extract against the toxicity caused by DOX in 
an in vivo test, in attempt to value the Cerrado biome and the byproducts 
generated applying them in nutraceutical supplements, dietary additives, new food 
and pharmaceutical products, contributing to the recovery of agro-industrial 






2. Material and methods 
2.1. Chemical reagents 
Metaphosphoric acid, beta-NADPH,  (-)-oxidized glutathione, 5,5'-dithio-
bis 2-nitrobenzoic acid (DTNB), phenylmethylsulfonyl fluoride (PMSF) were 
obtained from Sigma-Aldrich Co. (St. Louis, USA). While Doxorubicin from 
Eurofarma (São Paulo, Brazil). Water was purified by the Milli-Q system (Millipore, 
Bedford, USA). The kits for biochemical assays were from Bioclin (Belo Horizonte, 
Brazil).  
 
2.2. Sample preparation and extraction method 
Araticum (Annona crassiflora) were obtained from State of Goias, Brazil, 
in March 2012. The fruits were transported by road and stored at -18°C until the 
moment of preparation of the extracts. 
The peel of this fruit was chosen based on results of previous studies of 
our research group. In that study, the content of phenolic compounds and the 
antioxidant activity of three Brazilian Cerrado byproducts (pequi peel, araticum peel 
and araticum seeds) were evaluated. Araticum peel extract stood out because the 
results were superior to the others, including the fact that it was less affected by in 
vitro digestion. 
Araticum peel was carefully removed and the extract was prepared 
using the methodology proposed by Sun, Wu, & Liu (2002) with some 
modifications. Briefly, 25 g of fresh weight of this portion were homogenized with 
chilled 80% acetone (1:2, w/v) using a chilled blender and homogenized using an 
Ultra Turrax® (IKA T 18 basic, Works Inc, Wilmington, USA) homogenizer and in 
sequence centrifuged for 10 min. The supernatant was reserved and the residue 
was used to extract twice more in the same way. Finally, the supernatants were 





recombined, diluted with purified water to a volume of 25 mL and stored at -80°C 
for further experiments. This extract contains the soluble free phenolic (free 
aglycones and soluble conjugates - glycosylated forms) and was named in this 
paper as APE (araticum peel extract). 
 
2.3. In vivo activity in rats 
2.3.1. Animals 
The study was approved by the Ethics Committee on Animal Use 
(protocols 3259-1 and 3260-1, CEUA, UNICAMP, Brazil) and all the procedures 
followed the institutional ethical guidelines. Male Wistar rats were obtained from 
the Multidisciplinary Center for Biological Research (CEMIB) of the University of 
Campinas (Brazil) and maintained under controlled conditions of temperature 
(22 ± 2 °C), humidity (60–70%), and a light–dark cycle (12/12 h). They were fed 
with a commercial diet (Nuvilab®) for rodents until they reach the ideal weight and 
age for the experiment (120 g and 4-5 weeks, respectively), and received water ad 
libitum. 
 
2.3.2. Acute oral toxicity 
The acute oral toxicity study was conducted as described by OECD 
guidelines for fixed dose method (Schlede, Genschow, Spielmann, Stropp, & 
Kayser, 2005; OECD, 2001). The APE extract was administered by gavage at four 
fixed dose levels being 5 animals per dose (5, 50, 300, and 2000 mg/kg body 







2.3.3. Test compound preparation 
Required quantity of APE was calculated based in an initial 
concentration of stock solution (1000 mg/mL) and made suspension with saline 
(0.9% NaCl). DOX (15 mg/kg b.w.) was weighed and dissolved in saline (0.9% 
NaCl). 
 
2.3.4. Experimental design 
Wistar male rats weighing around 120 g were randomly assigned into 
eight groups consisting six animals in each group. All of the treatments were 
administered for 15 days always in the same hour. Two controls were performed; a 
negative control group received saline (0.9% NaCl) each day and a positive control 
group received saline solution each day for 15 days by gavage and on the last day 
of the experiment (15th), received an intra-peritoneal injection of doxorubicin 
(DOX), acquired from Eurofarma (São Paulo, Brazil), in a single dose of 15 mg/kg 
b.w. The extracts were dissolved in saline and administered by gavage daily over 
15 days. The treatments of APE were by gavage and performed at concentrations 
of 75, 150 and 300 mg of araticum peel per kg b.w. daily for 15 days. For each 
extract concentration, two groups were used: one received an intra-peritoneal 
injection of saline (0.9% NaCl) and the other received an intra-peritoneal injection 
of DOX in a single dose at 15 mg/kg b.w. at the last day (15th). All animals were 
anesthetized with 2% xylazine (10 mg/kg b.w.) and ketamine (80 mg/kg b.w.) and 














































Figure. 1. Experimental design to evaluate the effect of araticum peel extract, rich 





















APE 75 mg/kg b.w.  
Control (vehicle)  
APE 150 mg/kg b.w. 
APE 300 mg/kg b.w. 
DOX 15 mg/kg b.w. (i.p.) 
NaCl (i.p.) 





2.3.5. Sampling and biochemical assays 
On 16th day, body weights of rats were recorded and blood samples 
were collected from abdominal aorta puncture. Plasma was separated by 
centrifugation at 8000 × g for 10 min and stored at -80°C until the moment of 
analysis. Plasma was used to assessment of renal function and nephrotoxicity by 
determination of urea and serum creatinine, whereas liver function and 
hepatotoxicity by serum ALT and AST, all assays using colorimetric diagnostic kits 
according to the manufacturer’s instructions. In addition, plasma was used to 
determine plasmatic antioxidant activity by ORAC method. Heart, liver and kidneys 
were rapidly excised and heart weighed to assess changes in this parameter that 
were expressed in relative terms [(organ weight/body weight) x 100]. These organs 
were fixed in 10% formalin solution and used to histopathological analysis. A 
portion of heart was immediately frozen in liquid nitrogen and stored at -80°C for 
estimation of activity of catalase (CAT), glutathione reductase (GR) and superoxide 
dismutase (SOD) enzymes. 
 
2.3.6. Assessment of oxidative stress marker 
2.3.6.1. Preparation of homogenate to estimate the activity of CAT, GR 
and SOD enzymes 
The homogenates to estimate the activity of CAT, SOD and GR 
enzymes in the cardiac tissue were prepared at a ratio of 30 mg tissue/mL of 
phosphate buffer (50mM, pH 7.0) with addition of PMSF (phenylmethylsulfonyl 
fluoride) as protease inhibitor. Homogenization was performed on ice bath using 
Ultra Turrax® (IKA T 18 basic, Works Inc., Wilmington, USA). Then, homogenates 
were centrifuged at 2000 rpm for 10 min at 4°C, and the supernatants aliquoted 






2.3.6.2. Estimation of catalase (CAT) activity 
Catalase activity in cardiac tissue was evaluated by the method 
proposed by Aebi (1984). The principle of the assay is based on the decomposition 
of the hydrogen peroxide to water directly determined by the decrease in 
absorbance at 240 nm. Initially, the homogenate was diluted at 1:10 in phosphate 
buffer (50 mM, pH 7.0). The reaction medium was composed of 60 µL of 
homogenate and 240 µL of phosphate buffer (50 mM, pH 7.0). The reaction was 
started by adding 200 µL of 10 mM H2O2 (potassium phosphate buffer, 50 mM, pH 
7.0). The decomposition of H2O2 in H2O was monitored by absorbance reading at 
240 nm for 3 min. The CAT activity was expressed as U/g of tissue. 
 
2.3.6.3. Estimation of glutathione reductase (GR) activity 
Cardiac tissue GR activity was measured by the method described by 
Smith, Vierheller, & Thorne (1988). This method measures spectrophotometrically 
the formation of TNB (5-thio-2-nitro benzoic acid) from DTNB (5,5'-dithio-bis 2-
nitrobenzoic acid) in the presence of GR, NADPH and GSSG at a wavelength of 
412 nm. In the assay, the homogenate was diluted at a ratio of 1:20 in phosphate 
buffer (50 mM, pH 7.0). The reaction medium was composed of 1 mL of phosphate 
buffer (0.2 M, pH 7.5) containing 1 mM EDTA, 500 µL of 3 mM DTNB in phosphate 
buffer (0.01 M, pH 7.5), 270 µL H2O, 100 µL of 2 mM NAPH (0.02 M, pH 7.5) and 
30 µL of diluted homogenate. The reaction was initiated by addition of 100 µL of 20 
mM GSSG in H2O and the reaction was monitored during 3 min. The GR activity 
was expressed as U/g of tissue. 
 
2.3.6.4. Estimation of superoxide dismutase (SOD) activity 
SOD activity in cardiac tissue was measured using a spectrophotometric 





acid uric and H2O2 by xanthine oxidase (XOD), convert nitroblue-tetrazolium (NBT) 
to NBT-diformazam which absorbs light at 550 nm. SOD reduces the concentration 
of O2
- inhibiting the formation of NBT-diformazam, which is the evaluation 
parameter of SOD activity in the sample. Each reading requires 5:30 min and then 
it is used to calculate the SOD activity from the percentage of inhibiting the 
formation of NBT-diformazan, using a standard inhibition curve. The SOD activity 
was expressed as U/g of tissue. 
 
2.3.7. Plasma antioxidant capacity 
The antioxidant activity of plasma was assessed with the oxygen radical 
absorbing capacity (ORAC) assay according to the method described by Leite et 
al. (2011) on a NOVOstar fluorescence plate reader (BMG Labtech, Offenburg, 
Germany) using 96-well black plates. In a first step, plasma samples were slowly 
defrosted, shaken in a vortex and 50 µL of each sample was transferred to a 
microtube together with 100 µL of ethanol and 50 µL of distilled water. The final 
solution was shaken during 30 s in a vortex, and then 200 μL of 0.75 M 
metaphosphoric acid was added. Once again, the mixture was shaken in a vortex 
for 30 s and centrifuged during 5 min at 1400 rpm at 10°C. The supernatant was 
removed and stored at -80°C until the moment of analysis. At the moment of 
analyses by ORAC, the plasma samples were diluted with phosphate buffer (75 
mM, pH 7.4) to a final concentration of 0.01875 µL of plasma per μL of solution and 
20 µL was added in each well. In sequence, 120 µL of fluorescein in potassium 
phosphate buffer (0.378 μg/mL) and 60 μL of AAPH in the same medium (108 
mg/mL) were added in the microplate. For the blank, the plasma sample was 
substituted by potassium phosphate buffer. For each run was made a blank and a 
Trolox standard curve (10 – 125 μM) in triplicate. The decrease of the fluorescence 





at 485 nm and 528 nm, respectively. Results were expressed in µmol Trolox 
equivalents (TE)/mL of plasma. 
 
2.3.8. Histological analysis 
For histological analysis, samples of heart, liver and kidney were 
collected immediately after euthanasia and fixed in formalin 10% buffered with 
phosphate, pH 7.6 for 24h. After this period, the samples were processed 
(dehydrated in graded concentrations of alcohol, immersed in xylene) and 
embedded in paraffin. Sections were cut at 5 µm thicknesses on a rotary 
microtome, mounted and stained with hematoxylin and eosin (HE). All 
histopathologic sections were examined for histologial changes under light 
microscopy ZEISS AX10 (Carl Zeiss, Göttingen, Germany). 
 
2.3.9. Statistical analysis 
All analyses were made in triplicate as independent experiments and 
results were described as mean ± standard deviation (SD). The data obtained were 
evaluated using the Tukey’s test using the software Assistat 7.6 beta program 
(Silva & Azevedo, 2009). Significance was determined at p<0.05. 
 
3. Results and discussion 
3.1. In vivo activity of araticum peel extract 
In the acute oral toxicity study, the APE was found to be safe until 2000 
mg/kg b.w. Thus, doses of 75, 150 and 300 mg/kg b.w. were elected to be 
administered. 
During the experiment, animals were weighed and the feed intake was 






Table 1. Feed intake and body weight gain in different experimental groups of 
animals. 
Group/treatment Feed intake (g) Body weight gain (g) 
G1 1580.30 ± 198.83a 94.42 ± 10.08b 
G2 1651.88 ± 35.98a 106.50 ± 4.85a 
G3 1689.11 ± 44.41a 85.83 ± 8.30bc 
G4 1614.83 ± 15.20a 93.67 ± 5.82b 
G5 1471.60 ± 49.39a 80.75 ± 6.91c 
G6 1727.17 ± 4.67a 74.33 ± 4.80cd 
G7 1733.78 ± 10.31a 75.67 ± 3.50cd 
G8 1708.18 ± 16.97a 65.00 ± 5.06d 
G1: Negative control; G2: APE 75 mg/kg b.w. + NaCl; G3: APE 150 mg/kg b.w. + 
NaCl; G4: APE 300 mg/kg b.w. + NaCl; G5: Positive control (DOX); G6:  APE 75 
mg/kg b.w. + DOX; G7: APE 150 mg/kg b.w. + DOX; G8: APE 300 mg/kg b.w. + 
DOX. Values sharing similar letter in the same column are not differents (p>0.05) 
by Tukey test. 
Table 1 shows no significant difference between groups with respect to 
feed intake. The results for body weight gain in Table 1 for groups G1 and G5 
corroborate to the literature, which shows that animals that received doxorubicin 
decreases body weight gain, like in a study by Mahesh et al. (2013). The groups 
G2, G3 and G4 were similar to G1 in body weight gain parameter, and show a 
tendency to be dose dependent, with the better result in G2, the lowest dose. 
However, groups G6, G7 and G8 had weight gain similar to the G5 group or even 
considerably less in G8. These results suggest that there can be an interaction 
between doxorubicin and compounds present in the extract or that the time of 
exposure to doxorubicin was not adequate, requiring an extended period for 
animals responding to treatment with the bioactive compounds present in the 
extract. 
The assessment of body and organ weights has been employed in 
toxicological studies because any change in these parameters may predict a 
possible toxic effect of the tested compound. In addition, these parameters are 





Jaki, Dietrich, Kunzler, & Barker, 2009). Considering that DOX augment the 
cardiotoxicity markers like loss in heart weight and relative heart weight (Mahesh et 
al., 2013), changes in relative weight of heart are presented in Figure 2 (boxplot 
graphic). Group G5 showed relative heart weight lower than G1. This result is 
similar to those obtained by Hernandes et al. (2014). However, the relatives heart 
weights of the groups treated with APE and DOX were also lower, meaning that 
the extract was unable to reverse this parameter in a 24h period. This period was 
chosen based on genotoxicity guidelines and previous studies in literature 
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Figure 2. Effect of araticum peel extract in the relative heart weight. G1: Negative 
control; G2: APE 75 mg/kg b.w. + NaCl; G3: APE 150 mg/kg b.w. + NaCl; G4: APE 
300 mg/kg b.w. + NaCl; G5: Positive control (DOX); G6:  APE 75 mg/kg b.w. + 
DOX; G7: APE 150 mg/kg b.w. + DOX; G8: APE 300 mg/kg b.w. + DOX. Values 
sharing similar letter in the graphic are not differents (p>0.05) by Tukey test. 
 
It is known that DOX-induced oxidative stress in cardiac tissues is 
manifested by the alterations observed in cardiac antioxidant defense system in 
both enzymatic and non-enzymatic (Mahesh et al., 2013). Therefore, the 
cardioprotective effect of the APE extract was investigated against DOX-induced 
acute cardiotoxicity and the results of CAT, GR and SOD enzymes activities are 
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Figure 3. Effect of APE on activity of catalase (A), glutathione reductase (B) and superoxide 
dismutase (C) in heart tissue. G1: Negative control; G2: APE 75 mg/kg b.w. + NaCl; G3: APE 
150 mg/kg b.w. + NaCl; G4: APE 300 mg/kg b.w. + NaCl; G5: Positive control (DOX); G6:  APE 
75 mg/kg b.w. + DOX; G7: APE 150 mg/kg b.w. + DOX; G8: APE 300 mg/kg b.w. + DOX. 








The results of the activities of enzymes in protecting the damage caused 
by doxorubicin were positive when viewed uniquely and not individually. The 
groups G6, G7 and G8 presented values for SOD activity higher than the group G5 
and similar to normal group (G1). In a study about the effect of ethanolic bark and 
leaf extracts of Boswellia ovalifoliolata, Mahesh et al. (2013) obtained a similar 
result. The present result is in agreement with the expected because redox cycling 
of DOX generates superoxide free radicals due to conversion of quinone to 
semiquinone moiety, whereas SOD enzyme dismutates this free radical to 
hydrogen peroxide. In this respect, any increase in SOD activity of the organ 
appears to be beneficial in the event of increased free-radical generation 
(Chularojmontrietal et al., 2005). 
 Analyzing the results for catalase activity, it was observed that the 
values for the groups G6, G7 and G8 were statistically similar to G5. However, this 
result is not negative. Todorova, Kaufmann, Hennings, & Klimberg (2010) reported 
that a rise in SOD activity, without a concomitant rise in the activity of 
catalase/GSH might be detrimental. This due to the fact that SOD generates 
hydrogen peroxide as a metabolite, which is cytotoxic and needs to be scavenged 
by catalase/GSH. Thus a simultaneous increase in catalase/GSH activity is 
essential for an overall beneficial effect of increase in SOD activity (Mahesh et al., 
2013). 
In GR enzyme activity was no statistically significant difference. 
However, analyzing the boxplot graph (Figure 3B), it is possible to observe a trend 
towards increased activity of these enzymes in the G6, G7 and G8, comparable to 
normal control group. Martin et al. (2010) obtained comparable results in HepG2 
cells treated with cocoa polyphenolic extract. The authors suggested that the 
extract is an effective inducer of GR activities through activation of kinases 
regulated by extracellular signals and that this increase appears to be necessary to 





The effect of APE on renal function by urea and serum creatinine and on 
liver function by ALT and AST was also observed and the results are expressed in 
Figure 4. 
Urea levels were lower in the G5 group compared to the normal control 
group (G1). However, it was observed that there was recovery of these levels in 
the groups treated with the extract and simultaneous induction of oxidative stress 
by DOX (G6, G7 and G8) when comparing with G1, G2, G3 and G4 groups, 
indicating a protective effect on renal function by the APE. There was no statistical 
difference in serum creatinine among the groups, indicating again that the time of 
exposure to DOX was not sufficient to recover a parameter. El-Moselhy, & El-
Sheikh (2014) observed in the study with atorvastatin, increased levels of these 
two renal parameters when DOX was administered. However, doxorubicin was 
administered five days before the collection of samples and in this present study, 
only the day before the collection.  
It is known that prerenal azotemia, an increase in serum urea and/or 
creatinine levels, develops when there are situations associated with reduced 
blood flow to the kidneys (renal hypoperfusion), and may be caused by congestive 
cardiac insufficiency due to the effect of drugs such as DOX, resulting in decreased 
glomerular filtration rate (Kiernan, Udelson, Sarnak, & Konstam, 2014; Kumar, 
Abbas, & Fausto, 2005; Stockham, & Scott, 2002; Derelanko, & Hollinger, 2001). 
However, this azotemia was not observed in this study in positive control group, it 
may result from liver injury inherent in the use of DOX, which might be restricting 
the metabolization by hepatocytes urea in the 24h period after DOX administration, 
a period that occurred collecting biological data in this study. 
Observing ALT and AST levels in positive control group (G5) can be 
noted that DOX caused a significant increase in plasma concentration of both 
enzymes. The increase of these parameters is indicative of liver damage, although 
AST are not liver specific because of high concentrations in other tissues, 





to reverse this damage (G6, G7 and G8). Moreover, the treatment for 15 days with 
APE did not cause much significant changes in the levels of these enzymes (G2, 
G3 and G4). 
 
 
Figure 4. Effect of araticum peel extract on renal function by urea (A) and serum 
creatinine (B) and on liver function by ALT (C) and AST (D). G1: Negative control; 
G2: APE 75 mg/kg b.w. + NaCl; G3: APE 150 mg/kg b.w. + NaCl; G4: APE 300 
mg/kg b.w. + NaCl; G5: Positive control (DOX); G6:  APE 75 mg/kg b.w. + DOX; 
G7: APE 150 mg/kg b.w. + DOX; G8: APE 300 mg/kg b.w. + DOX. Values sharing 
similar letter in the same graphic are not differents (p>0.05) by Tukey test. 
 
The ORAC test is a commonly used method for assessing plasma 
antioxidant activity and may be a good simulation of the physiologic conditions, 
such as blood temperature and pH (Leite et al., 2011). Besides, this method uses 
peroxyl radicals, partially similar to some of the radicals in the biological systems, 
and could be refereed as the only antioxidant method that combines time and 







Leite et al., 2011). For these considerations, this assay was used to measure the 
antioxidant capacity in plasma of animals supplemented with the extract and the 
results are presented in Figure 5. Analyzing these data, it was observed that the 
groups treated with APE and DOX (G6, G7 and G8) showed antioxidant activity 
statiscally equal to groups that received the extract without induction of oxidative 
stress by DOX (G2, G3 and G4) and also equal to the normal control group (G1). 
These results evidence the antioxidant capacity of the extract tested and its ability 
to decrease oxidative stress caused by DOX in a dose dependent relation. 
Numerous studies have shown the increase in plasma antioxidant capacity with the 
administration of extracts or juices rich in antioxidant compounds, such as 
flavonoids, with consequent health benefits (McKay, Oliver Chen, Zampariello, & 
Blumberg, 2015; Leite et al., 2011; Vitaglione et al., 2007). In our study, the 
samples were collected 24h after the last dose administration of APE. Thus, it can 
be said that the bioactive compounds of the extract remained available and active 
in plasma during the period. The same did not occur in the study by Escudero-
Lópes et al. (2015), in which the blood samples of animals treated with orange 
beverage were collected about 12-14h after the consumption and the possible 






Figure 5. Effect of araticum peel extract on plasma antioxidant potential. G1: 
Negative control; G2: APE 75 mg/kg b.w. + NaCl; G3: APE 150 mg/kg b.w. + NaCl; 
G4: APE 300 mg/kg b.w. + NaCl; G5: Positive control (DOX); G6:  APE 75 mg/kg 
b.w. + DOX; G7: APE 150 mg/kg b.w. + DOX; G8: APE 300 mg/kg b.w. + DOX. 
TE: Trolox equivalent. Values sharing similar letter in the graphic are not differents 
(p>0.05) by Tukey test. 
 
Morphological analysis performed for the heart, liver and kidneys of the 
rats were similar among the negative control group (G1) and the groups 
administered with different dosages of APE in combination with NaCl solution (G2, 
G3 and G4). Thus, these results suggested that the use of APE showed no toxic 
effects on heart, liver and kidney (Figure 6 A, C and E; Figure 7). 
Histological analysis of the treatments performed with DOX in the 
presence of different concentrations of APE (G6, G7 and G8) have shown 
promising results for the use of this extract in cardio, hepato and nefro protector 
effect. Figure 6 (B, D and F) shows histological sections stained with hematoxylin-
eosin of the heart, liver and kidney tissues of the positive control group of animals 
(G5), showing lesions in all organs described. Image 6B shows the disorganization 





of DOX described by Kumar, Abbas, & Fausto (2005), where can be observed 
eosinophilic fibers without nucleus, irregular muscle fibers next to adjacent normal 
fibers and necrosis. 
The lesions observed in this study are consistent with the described 
previously in the pathological literature. The characteristics associated with dilated 
cardiomyopathy which has side effects to the injured and affect the functioning of 
other organs such as the liver and kidneys can be observed in Figure 6 (B, D and 
F). Such characteristics causing tumefaction, steatosis, cell lysis, arterial 
thrombosis and cytoplasmic agglutination (Kiernan, Udelson, Sarnak, & Konstam, 
2014; Kumar, Abbas, & Fausto, 2005).  
Histological sections from animals of groups with different dosages of 
APE in combination with DOX (G6, G7 and G8) showed similar lesions to those 
described for the positive control group of animals (G5). However, these lesions 
were observed on a smaller scale, with regard to the quantity and intensity of the 
damage, restricted to a small localized point (Figure 8). This evidence is an 
indication that treatment with APE had cardioprotective effect by minimizing 
cardiotoxic injuries caused by the use of DOX. Due to the fact that cardiotoxic 
injuries can initiate kidney and liver lesions (Kumar, Abbas, & Fausto, 2005; 
Kiernan, Udelson, Sarnak, & Konstam, 2014 ), the cardioprotective effect of extract 
tested had the property to avoid lesions in these organs, as verified by histological 






Figure 6. Histopathology of control groups (G1 – negative and G5 positive). A: heart of G1; B: 
heart of G5; C: liver of G1; D: liver of G5; E: kidney of G1; F: kidney of G5, 1: cardiac muscle 
fiber; 2: blood vessel; 3: fenestrated epithelium; 4: rupture of the fenestrated epithelium; 5: 









Figure 7. Histopathology of groups G2: APE 75 mg/kg b.w. + NaCl; G3: APE 150 
mg/kg b.w. + NaCl; G4: APE 300 mg/kg b.w. + NaCl; A: G2 heart; B: G3 heart; C: 
G4 heart; D: G2 liver: E: G3 liver; F: G4 liver; G: G2 kidney; H: G3 kidney; I: G4 
kidney; 1: cardiac muscle fiber; 2: blood vessel; 3: connective tissue; 4: fenestrated 







Figure 8. Histopathology of groups G6: APE 75 mg/kg b.w. + DOX; G7: APE 150 
mg/kg b.w. + DOX; G8: APE 300 mg/kg b.w. + DOX; A: G6 heart; B: G7 heart; C: 
G8 heart; D: G6 liver: E: G7 liver; F: G8 liver; G: G6 kidney; H: G7 kidney; I: G8 
kidney; 1: cardiac muscle fiber; 2: blood vessel; 3: connective tissue; 4: fenestrated 





In conclusion, this study provided the knowledge about the byproduct as 
a source of bioactive compounds as antioxidant. The results of in vivo test showed 
promising results for plasma antioxidant capacity assessed by ORAC, where the 
araticum peel extract was able to be available in the period of 24h. The results for 





and histologial analysis indicated that APE was able to recover the damage caused 
by DOX. However the extract did not show to be effective in the recovery of body 
weight or the relative weight of the heart in any of the tested doses, maybe due to 
the time of exposure to DOX for just 24h. Our results suggested that the araticum 
peel extract has a promising therapeutic benefit when administered along with 
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O interesse por compostos bioativos presentes em alimentos está em 
plena ascensão devido a inúmeros trabalhos que têm comprovado seus efeitos 
benéficos na prevenção e redução do risco de doenças como o câncer, 
inflamações, doenças cardíacas e neurodegenerativas. Entretanto, os resíduos 
gerados nas diversas etapas da cadeia produtiva de alimentos podem conter 
quantidades semelhantes e até mesmo maiores desses compostos, tornando-se 
uma fonte com grande potencial, mas pouco explorada. 
Outro fato a ser considerado quanto aos bioativos, é o efeito da 
digestão sobre eles, pois a absorção dos compostos fenólicos é altamente 
dependente da sua forma química, como peso molecular, grau de glicosilação e 
esterificação, e interação com outros componentes da matriz dos alimentos como 
as proteínas. A digestão in vitro simulada neste trabalho reduziu, de forma geral, o 
teor de fenólicos totais e a atividade antioxidante total dos extratos de bioprodutos 
de frutas originadas do bioma Cerrado – casca de pequi e semente e casca de 
pequi. Entretanto, a atividade antioxidante da casca do araticum manteve-se após 
a digestão simulada nos resultados dos testes DPPH e ORAC. 
Os extratos brutos e digeridos não tiveram efeito citotóxico sobre as 
linhagens tumorais utilizadas neste trabalho, mostrando a necessidade de tornar 
os compostos presentes mais biodisponíveis.  
Considerando o efeito da digestão in vitro sobre os extratos e os valores 
superiores do extrato da casca do araticum em relação aos demais, este foi 
selecionado para a proteção in vivo sobre o estresse oxidativo induzido por 
doxorrubicina. Embora o extrato não tenha sido capaz de recuperar o peso dos 
animais e o peso relativo do coração no período de 24 h após a administração da 
droga, os demais testes mostraram resultados promissores como nos ensaios de 





superóxido dismutase e glutationa redutase, e nas análises histológicas dos 
tecidos cardíaco, hepático e renal. 
Estes resultados sugerem que o extrato da casca do araticum pode ter 
efeito terapêutico benéfico quando administrado juntamente com a doxorrubina. 
Entretanto, mais testes são necessários para garantir a segurança da 
administração do extrato. 
De forma geral, o presente estudo contribuiu para evidenciar os 
subprodutos como fonte de compostos bioativos e com isso a possibilidade de 
desenvolvimento de novos produtos nutracêuticos, farmacêuticos e cosméticos. 
Além disso, a utilização desses resíduos, que são gerados em grande quantidade, 







Para o aprimoramento e melhor compreensão dos resultados obtidos 
no presente trabalho, novas etapas são necessárias: 
 
- Identificação e quantificação dos compostos presentes nos extratos 
brutos e após a digestão in vitro; 
- Avaliação da capacidade de recuperação do peso corpóreo e do peso 
relativo do coração de animais tratados com o extrato da casca do araticum e 
submetidos a estresse oxidativo induzido por doxorrubicina, sugere-se avaliar 
estes parâmetros após um período superior ao utilizado neste trabalho, que foi de 
24 h; 
- Investigação do efeito do extrato da casca de araticum na expressão 
das enzimas antioxidantes endógenas, catalase, glutationa redutase e superóxido 
dismutase; 
- Avaliação de novas doses do extrato de araticum em modelo in vivo e 
seu efeito em diferentes órgãos e sistemas; 
- Avaliação do efeito antioxidante celular do extrato da casca do 









































Anexo 1.  Aprovação do Comitê de Ética em Pesquisa 
